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SECTION I. 





ON THE EXISTENCE IN THE BLOOD OF A PREYIOUSLY T7NKN0WN 
CORPUSCLE WHICH EXPLAINS THE ORIGIN OF THE RED DISC AND 
THE FORMATION OP FIBRIN. 

Part I. — Existence in the blood of an invisible, colourless disc — 
How discovered — Various methods by which it can be rendered 
obvious — By impact — By packing — By altering the refractive 
index of the liquor sanguinis — ^By isolation — By osmic acid 
vapour and cold— By absolute alcohol and solution of osmic 
acid — By spreading and drying — By tinting the liquor san- 
guinis — By staining. . . . . . . . . . . . . 1-13 

Part II. — :Origin of colourless biconcave discs — Three conceptions 
possible: 1. May be decolourised red discs; 2. May represent a 
stage in the dissolution of the red disc ; 3. May be discs destined 
to acquire colour and to become red discs — ^Nature of lymphatic 
and splenic corpuscles — Barely seen in their normal condition 
— Changes which they undergo — Enlargement, aggregation, 
fibrillation, spreading and lamination — Normal form not 
globular but discoid — Often biconcave in young animals — 
Biconcavity a physical property — Comparison of the lymph 
and splenic corpuscles with the white blood corpuscle — 
Opinions as to their identity — Reasons why they cannot be 
regarded as identical . . . . 13-20 

Part III. — The granule sphere of Semmer (Komerkugeln) — Found 
in horse's plasma at ice cold temperature — Coloured and larger 
than white corpuscles — Behaviour with reagents — Supposed 
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by Semmer to be inteiinediate bodies between the ordinary Paob 
white corpuscle and the red blood disc — Must exist therefore 
in perfectly fresh blood — ^Blood kept from coagulating by cold 
assumed to be fresh blood — What effect has cold upon the cor- 
puscular elements ? Blood can be examined much earlier than 
by Semmer's method — No bodies present of the nature of 
granule balls — How and from what tney are formed— Cause of 
nucleated appearance — Belations of the granule corpuscles to 
fibrin — Semmer's facts do not support the view that the red disc 
is developed from the white corpuscles — Summary of the 
author's views of the mode in which the red disc is developed 20-24 

Part IV. — Cause of the biconcave form of the blood disc — Views 
of Bindfleisch — Mechanical modelling inconsistent with elasti- 
city — John Hunter believed the red corpuscles to be liquid 
bodies — Hewson held the corpuscles to be solid, on the ground 
that they were " flat bodies," and '* because every fluid swim- 
ming in another, which is in larger quantity, if it be not soluble 
in that other fluid, becomes globular " — This reasoning deemed 
conclusive — ^Views of the cause of the biconcave form — Capsule 
— Bollett's skeleton framework or stroma — Thudicum's defini- 
tion of this so-called stroma — Insuperable difficulties of this 
conception from a physical point of view — Interpretation of 
its chemical aspects — The idea of a capsular membrane or a 
stroma imnecessary — Hunter's view of the liquid nature of 
the corpuscles still tenable — Liquid globules and liquid bicon- 
cave discs can be produced artificially — Hewson's view that every 
liquid immiscible in another must necessarily be globular 
based upon insufficient experimental data — Methods by which 
colloid globules and elastic biconcave discs can be artificially 
produced — General principles upon which their production 
appears to depend — Phenomena of osmosis ; how explained. 24-36o 

Past Y. — On fibrin formation and coagulation — Has been regarded 
as a physical and chemical question — Little attention paid to 
its microscopical aspect — The element or elements yielding 
fibrin supposed to be in solution — In reality a morphological 
problem — The younger or fugitive discs of the blood undergo 
actual transformation into fibrinous networks, films, layers, and 
masses (emboli) — The colourless and slightly-coloured discs 
are the true fibrin stroma (numerous proofs of this in Section 
IV.) — What occurs when blood is kept fluid at 0° C. — Beal 
action of solid neutral salt upon plasma — Effect of weak saline 
upon plasmine precipitates — Subsequent act of hardening 80c-36d 

SECTION II. 

FUBTHEB BESEABCHE8 ON THE THIRD CORPUSCULAR ELEMENT OF 

MAMMALIAN BLOOD. 

Advance in the physiology, pathology, and coagulation of the 
blood impossible without a knowledge of this element — 
Beview of the position — Do these colourless discs exist in 
normal unshed blood — All objectors now admit the existence 
of these colourless discs in shed blood — Discussion hinges 
altogether on the point as to whether they are decolouiised red 
discs — All the facts, without exception, are against this view — 
1. Their presence can be demonstrated without reagents of any 
kind, that is by simple mechanical arrangements — 2. They 
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can be seen immediately the blood is shed — 3. They have not Fagb 
the properties of coloured or decolourised blood discs, but of 
lymph corpuscles — 4. Like white corpuscles, they are adhesive 
to the slide and cover — 5. They under^^o transformation into ' 
fibrin —6. They are absent in completely defibrinated blood — 
7. The better the blood is preserved, c.//., by dn/ osmic acid' 
vapour, ice-cold temperature, etc., the more perfectly they are 
seen — 8. They are well seen when all solution of the heemo- 
globin in the serum is prevented by the use of colloids — 
9. They are equally well seen when the blood is purposely 
saturated with heemoglobin from an independent source at 
the moment it leaves the vessels — 10. With saline aniline 
blue they stain deeply and appear as full, plump bodies, while 
decolourised discs stain very faintly with this agent — 11. They 
undergo transformation into rosette and granule forms, which 
is not the case with decolourised red discs — 12. The slightly 
coloured forms of these corpuscles give rise by their disinte- 
grations to the so-called hcematohlasts of Hayem — 13. These 
delicately tinted ones are visible in the circulating blood — 
14. The notion that the invisible and partially coloured discs 
are the products of compression or violence is entirely without 
foundation — 16. No conditions which involve compression or 
violence necessary, nor can these corpuscles be intentionally pro- 
duced by the adoption of such methods — 16. The only condi- 
tion necessary is to draw the corpuscles together in single layer ^ 
but their biconcavities need not be interfered ^th in the 
slightest degree by compression — Thin flexible mica covers, 
about 1^x5 of an inch, produce these conditions perfectly— 
Large numbers of disc-shaped corpuscles pass coiitinualh 
into the blood from the lymphatics — These are not 
seen under ordinary conditions because they become the 
invisible colourless discs — Explanation and reply to Professor 
Gulliver, showing the difficulties which arise from ioonfusing 
the ordinary white and the true lymph corpuscles — The 
bodies which Hewson saw in the blood were the ordinary 
white corpuscles, not the true lymph discs — ^Views as to 
the origin of the colourless discs — Modified lymph nuclei — 
Biconcave disc divisible into three sets or groups, primary, 
secondary, and tertiary — Corpuscles of primary group are 
in the main invisible, undergo fusion, granulation, and fibril- 
lation when the blood is shed — Secondary group comprises 
corpuscles slightly more coloured than the hquor sanguinis, 
and therefore visible if carefully looked for — Permanent or 
tertiary group consists of ordinary red discs— Properties of the 
corpuscles of the fugitive group — Belation to stains — Hayem's 
hsematoblasts — Summary 36d-65 



SECTION III. 

ON THE MOST SUCCESSFUL METHOD OP STAINING THE CORPUSCLES 

OP THE PUOITIVE GROUP. 

Difficulties connected with staining — No sharp line of demarcation 
owing to the corpuscles being a graduated series — Power to 
stain diminishes with assumption of haemoglobin — Invisible 
or colourless discs stain blue, those containing a little hsemo- 
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globin green — Processes divisible into wet and dry, or of stain- Paob 
ing in or after removal from the liquor sanguinis — Power of the 
liquor sanguinis to oppose staining and to discharge the colour 
renders it necessary to use a strong staining fluid — Difficulties 
of strong stains — Preparation of staining fluid— Mode of use — 
Granulating property of this fluid when used in other 
ways — Effects of colloids and crystalloids — Property of cane- 
sugar-^Best mode of using — Conditions required — Accessory 
arrangements — Strength of aniline blue — Dry method — Liquor 
sanguinis removed by the method of isolation — Impossibility 
of adding liquids again to dried corpuscles, even liquor san- 
guinis, without dissolving the red ones — Must ' be fixed by 
exposure to moist vapour of osmic acid — Blood must not be 
allowed to dry after isolation before being subjected to the 
osmic acid vapour — Two per cent, aniline blue applied for 
two minutes — Colour not to be washed off, but removed by 
capillary method — Most primary discs, although stained of a 
very deep blue, and now- very palpable to the eye, cannot be 
photographed while those containing a slight amount of 
heemoglobin are easily photographed — This shows them 
to be devoid of hsBmoglobin — So delicate is this test that 
many corpuscles can be photographed which are entirely 
incapable pf producing visual impressions. . . . . . . 65-70 



SECTION IV. 

AN EXAMINATION OF THE BESEABCHES OF M. HAYEM ON THE DEVELOP- 
MENT OF MAMMALIAN BLOOD. 

Title and date of Hayem's papers — Statement of his views and 
examination of his methods — Small elements exist which are 
neither red nor white corpuscles — These are the germs of the 
red corpuscles and may be called haematoblasts — Avoids discus- 
sing the origin of these elements — Seeks to ascertain the exact 
anatomical constitution of the blood at birth — The so-called 
hsematoblasts are vinible elements of the blood, and have 
colour — Are seen best in fresh blood — Method of observing 
these elements — High powers required — Very small bodies like 
delicate, pale red corpuscles — Grow paler by loss of iiesmo- 
globin— Change their form — Adhere to the slide and to tl.e red 
discs — Unite with each other and form wreaths or groups — 
May be preserved for examination by cold (0° C.) — So 
preserved, show themselves as thin, discoid, biconcave, slightly 
coloured bodies — Osmic acid and bichloride of mercury 
preserve them — Full description — Bear no resemblance to 
white corpuscles — Present two parts or constituents — One 
portion exudes, is viscous, and is the cause of their adhesive- 
ness — Identiiication of these elements — Summary of the 
various morphological elements contained in sJied blood — ^Easy 
to identify among these the elements mistaken by Hayem for 
the germs of the red corpuscles — Modified and altered forms 
of the younger blood discs — Comparison of the general pro- 
perties of these elements with those of the discs of the 
fugitive group — The discs of this group must be followed through 
their transformations — Photograph 61 shows in one group the 
entire series of blood discs — Characters of the youngest discs — 
Power of retaining form in the ratio of colour — The younger 
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corpuscles have a disposition to flatten and spread, hence their Paos 
diameter is greater than the more coloured — ^Belative age of the 
corpuscles easily ascertained — So-called hesmatoblasts disinte- 
grations of the intermediary discs — ^Apparent granule groups 
and isolated granules, what they are, and how formed — Easily 
seen by raising cover (isolation) — ^Adhering corpuscles under- 
going rosette and granule forms of disintegration — Kosette 
forms more perfect, with the use of warm stage — This change 
occurs in corpuscles having considerable colour — The coloured 
fibres arise from the coloured central parts — Portions of 
corpuscles behave precisely like entire ones, hence the centres 
of radiating fibrin are of variable size — Changes in green lus- 
trous corpuscles — Mode in which the rosette form is produced 
— Appearance of fragments or granules undergoing the rosette 
chsmge — White border of rosette all but invisible in liquor 
sanguinis — Cause of angular distortion of the coloured centres 
— These centres called by Hayem '* isolated angular colloid 
hesmatoblasts " — These centres, sometimes large, being pro- 
duced by the fusion of several corpuscles — First step in 
formation of radiating fibrds from rosette corpuscles — Power 
of contracting fibres to cut red discs into fragments — Converse 
arrangement of the corpuscular material to that in rosette — 
Younger blood discs have two constituents — Coloured material 
external, and masks the colourless — ^Probable cause of this — 
•Corpuscles colour throughout their mass before they become 
strongly tinted — Analogy to zooid and oekoid — ^What becomes 
of white interior part when the corpuscles disintegrate — Both 
mat^als concerned in fibrin formation — These materials are 
chemically different, as shown by stainingr-Corpuscles coloured 
throughout may become wholly resolved into fibrin — Corpuscles 
partially exhausted by the pulling out of fibres have been 
styled hsematoblasts — Coagulation preceded by physical 
changes in the young corpuscles — The colourless discd yield 
white fibrin and the intermediate corpuscles the slightly 
coloured — Groups of corpuscles may lose their exterior 
coloured part and become white masses — The two modes of 
disintegration — Masses often fuse into sheets — Granule f(3rm 
of disintegration — All the corpuscles of the fugitive group can 
undergo this change — These groups of granules have been 
mistaken for adhering hsematoblasts — Corpuscles often seen in 
the act of breaking up — These form the circlets, chaplets, and 
beaded rolls of M. Hayem — Fragmentary parts of discs 
often biconcave in form — The cutting up of corpuscles by 
fibrin threads a source of so-called hsematoblasts — All granules 
and fragments of the fugitive group of discs extensible into 
fibres — Ordinary white corpuscles undergo granulation, but 
their granules are easily distinguished from those of the 
colourless discs, never form fibrin threads — So-called hesmato- 
blasts entirely accidental and extravascular formations — 
Methods of preventing their formation — Temperature — Osmic 
acid, cane-sugar — Blood subjected to ice-cold temperature not 
to be regarded as fresh blood — Cold causes discs to granulate — 
Normal temperature gives fewer fragments — Cold prevents 
coagulation by suspending adhesiveness and viscidity and 
therefore fibrillation — Effects of osmic acid — No preservative 
equal to white sugar — Benders the corpuscles non-adhesive — 
Manner of using the sugar important — Effects of different 
proportions of sugar — When added in saf&cient quantity the 
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formation of the granules and fragments which are called Paob 
hsBmatoblasts is entirely prevented — Due to the preservation 
of the corpuscles of the fugitive group — Contrast of M. 
Hayem's and the author's views of the development of 
mammalian blood . . . . . . . . . . . . 70-99 

SECTION V. 

ON THE MORPHOLOOICAL PRODUCTS OF THE BLOOD GLANDS. 

Essential to reinvestigate the products of the blood-glands — Thin 
question has received comparatively little attention — No 
important advance since Hewson — Lymph corpuscles still 
regarded as identical with the white blood corpuscle — This 
view is opposed by an eminent minority— Opinions of Gulliver, 
Gray, Bennett, and Virchow — Virchow believes some of the 
gland elements develop into white blood corpuscles — Offers 
no opinion as to the origin of the red corpuscles, but leans to the 
view of Hewson — No further light thrown on this point by 
modem investigators — Confusion of the products of the blood- 
glands and the white corpuscles of the blood erroneous and 
perplexing — White blood corpuscles not even identical with 
each other — Certain white corpuscles have a close affinity to 
the products of the blood-glands — Uninuclear cells and free 
nuclei alone found in the blood-glands — These two kinds may l>e 
advajitageously designated the primary and advanced lymph 
corpuscles — Between these extreme kinds all intermediate 
developments may be found — Lymph corpuscles not one body 
but a graduated series — Most advanced corpuscles approximate 
closely to the invisible or colourless discs of the bloc^ — State in 
which the advanced lymph discs usually present themselves for 
examination — Description of the primary lymph corpuscle — 
Different manner in which the primary and advanced lymph 
discs photograph — This pigment not to be confounded with 
hsemoglobin — Tendency of advanced lymph coi'puscles to 
extend or spread — Spreading action can be restrained by salt 
and the corpuscular character be better preserved-Intermediate 
lymph discs well seen in thyroid of calf — Power of cane-sugar 
' to preserve advanced lymph corpuscles — The Ijrmph discs 
become unstable in the ratio of their development— The more 
advanced the more susceptible to swelling and staining — Action 
of saline aniline blue on the most advanced lymph discs— Primary 
lymph corpuscles neither stain nor swell, but become contracted 
and distorted — Proportions of the two kinds vary in different 
glands — Intermediate lymph discs also distinguishable by the 
extent to which they swell and stain — Advanced lymph discs 
often detectable only by the granules which adhere to them — 
Power of the ice-cold temperature to preserve the advanced 
lymph discs — Method of determining the source of the 
granules present — Saline aniline blue distinguishes the 
primary, advanced, and intermediate lymph discs from each 
other — Lymph corpuscles are structures undergoing continuous 
development which involves physical and chemical change — 
Reason they are so difficult to study — Advanced lymph disc 
the source of fibrin in lymph as the younger blood disos are in 
blood — To study the advanced lymph disc we must prevent it 
falling into fibrin — Keason why the development of the red 
disc has been enshrouded in mystery — Mischief of confounding 
the various colourless elements — The colourless elements which 
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give rise to red discs — Aooidents or postponed issues — Beview Paob 
of preceding inductions —Description of primary and advanced 
lymph disc— Nature of the development which the lymph 
corpuscles undergo — Advanced lymph discs the freed and 
developed nuclei— Definitions of the primary and advanced 
lymph corpuscles — Protean forms under which the advanced 
lymph disc presents itself — Method of demonstrating hy 
osmosis the cellular character of the primary lymph corpuscle 
— Cell-wall of primary corpuscle probably undergoes gradual 
solution — No cell- wall can be made to show itself by osmosis 
in the case of the advanced lymph disc . . . . . . . . 99-119 

SECTION VI. 

ON THE OUIOIN, DEVELOPMENT, AND DESTINY OF THE WHITE BLOOD 

CORPUSCLE. 

Comparison of the primary and advanced lymph corpuscles with 
the white blood corpuscles — ^Varieties of white blood corpuscles 
— Examples and descriptions of white blood corpuscles — 
Uninuclear give rise to multinjaclear kind — ^Varying states of 
the protoplasm of the white corpuscle — Possesses a delicate 
capsule — Liquid content matter sometimes escapes— View of 
an intercellular network erroneous — An artificial production — 
Primary lymph cell the antecedent of the uninuclear white 
corpuscle —Photographs showing the cell-wall of the white 
corpuscle — Primary lymph coipuscle convertible into uninu- 
clear white corpuscle — White blood corpuscle can be made to 
take on the character of primary lymph corpuscle — Origin and 
meaning of the white blood corpuscle — Probable destiny of 
the multinuclear white corpuscle — Two processes or modes in 
which colourless and therefore red discs are produced — 
Major mode from freed nuclei of primary lymph corpuscles — 
Minor from freed nuclei of multinuclear white corpuscles . . 119-124 

SECTION VII. 

ON THE IDENTIFICATION OF THE ADVANCED LYMPH DISC WITH THE 

COLOURLESS DISC OF THE BLOOD. 



The kind of development which the lymph corpuscles undergc 
Greneral appearance of the primary lymph disc — Assimilation 
in size and form to red discs — Sometimes exhibit a tendency 
to biconcavity — Very difficult to obtain the advanced lymph 
discs in their normal shape — Cane-sugar best preservative yet 
discovered — Peculiar action of saline aniline blue on the 
advanced lymph discs— Corpuscles in the blood which swell 
and stain precisely like the advanced lymph discs — Stages 
between these and the red discs can be showii — Saline aniline 
blue enables us to bridge the gap chemically between the 
advanced lymph disc and the colourless disc of the blood — 
Begions where we may expect to find the advanced lymph disc 
in its most developed state — When introduced into liquor 
sanguinis the advanced lymph disc becomes the colourless disc 
of the blood — Greneral correctness of the view of Bennett — 
Erroneous as to the assumption of colour in the lungs — Beal 
cause of the colourless discs not being seen — Position that the 



red discs are derived from the advanced lymph discs im- Page 
pregnable — Colourless discs acquire colour while circulating — 
Probable source of this colouring matter — Colourless discs of 
foetal blood approximate very closely to advanced lymph cor- 
puscles — Lymph and colourless blood discs alike in their 
extreme mutability — Kecourse to preservatives necessary with 
them both — Other points of similarity between the lymph and 
the colourless blood disc — Common source of both thn red and 
the white corpuscle the primary lymph cell 1*24-131 



SECTION vni. 

ON THE B^LE OF THE RED BONE-MABROW IN THE FORMATION OF BLOOD. 

Chief products of the red marrow colourless nucleated cells — 
Coloured nucleated forms supposed to be intermediate between 
the colourless and the red disc — Neumann considers the 
nuclei of coloured cells to undergo atrophy and absorption — 
The coloured cell body becomes the red disc — Transition of 
the colourless into the coloured cell disputed, also the conver- 
sion of the latter into the red disc — Bindfleisch has failed to 
trace the red nucleated cells back to the colourless cells- 
Holds the red nucleated cells to increase by subdivision — Pro- 
poses for them the designation hiematobloHU — Considers that 
their nuclei escape, and that the red protoplasm becomes 
modelled into the red disc — Has rarely seen the escape of the 
nucleus in the adult — Attributes this to the paucity of such 
corpuscles, and the area over which they are spread — Five 
natural divisions of the study — Each form of marrow requires 
independent examination — Variations in the blood corpuscles 
of the embryo at different periods — Kelation of the marrow of 
the mammal embryo to its blood — Colourless and intermediate 
nucleated cells of all shades of colour to full red in embryo 
blood — Origin of the clear bordered colourless cell from the 
analogue of the primary lymph cell of the adult mammal — 
These clear bordered nucleated cells acquire their colour in 
the blood — Same corpuscles found in the colourless state in the 
embryo spleen — Numerous red discs and discs of every inter- 
mediate tint, including colourless discs (invisible corpuscles), in 
embryo blood — Comparison of blood from the aorta and the 
marrow of the rib of the same embryo — What are the con- 
stituents proper to the bone-marrow ? — Must deduct bodies 
which are derived from the blood — Elements to be accounted 
for in the embryo blood — Source of the colourless nucleated 
corpuscles and the colourless discs of embryo blood — Ante- 
cedents of these bodies found readily in the spleen and 
lymphatics— Corpuscular constituents common to the embryo 
marrow and blood — Beason why coloured nucleated cells 
cannot be regarded as blood contaminations of the marrow — 
If the red nucleated cells of the marrow of adult guinea-pig 
do not pass into the blood, neither do the cells of the marrow 
which are their antecedents — As red nucleated cells are plenti- 
ful in the marrow of the adult guinea-pig it should be easy to 
trace here their transformation into red discs — This process in 
guinea-pig a persistence of the embryonic method — Second 
mode of blood formation in the embryo marrow — Conversion of 
colourless nuclear discs into red discs — Colourless cells of the 
embryo marrow — Smooth pigment cells — Coarsely granular 
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pigment cells — Freed nucleolated nuclei-Free, smooth nncleolus Page 
in marrow of advanced embryo — Pigmentary character of the 
primary lymph cells of the glands — What becomes of this 
pigment? — Original marrow corpuscle a typical cell — Changes 
which fit this cell to become a blood corpuscle are regressive 
in their character — Probable function of the pigment — How 
obtained in the case of the spleen and gland corpuscles — All 
transition stages traceable in the adult guinea-pig from the 
smooth, typical pigment cell to the red nucleated cell — Mode 
of transformation of the red nucleated cell into the red disc — 
Views of Bindfleisch as to the mode of transformation — Becent 
views of Malassez (vide Introduction) — Cells which become 
coloured are of very variable size — Corpuscles which adhere 
to each other and to the red corpuscles, and look like coloured 
nuclei — Blood formation from colourless discs also present . . 131-143 

ON THE BFLATION OF THE MABBOW OF THE ADULT MAMMAL TO ITS 

BLOOD. 

General function ascribed to ttie marrow — Use of the term hsemato- 
blast by Bindfleisch and Hayem — Formation of red discs from 
red nucleated cells is the only idea yet lu'oached as to the 
• blood-forming function of the marrow — Origination of this 
view — Are red nucleated cells a constituent of all bone- 
marrows, and, if so, do they exist in numbers sufficient to 
exert any important influence in corpuscle formation — Formed 
throughout life in guinea-pig, rabbit, etc. — In higher mammals, 
appear to be aborted and scant products^ — Ought in all mam- 
mals to bear a definite relation to the number of red discs 
produced — Their production throughout life in the lower 
mammals an exceptional fact — Process not absolutely sup- 
pressed in young of higher mammals — Is an embryonic mode, 
which gives place to the method of the glands and spleen — 
Marrow of adult higher mammal consists of colourless cells 
and free nuclei, with here and there an aborted coloured cell — 
All the cells found in the adult which exist in the embrvo 
marrow, except the red nucleated ones — The function of these 
colourless cells is the development and liberation of nuclei — All 
the diversified products of the marrow have a common origin — 
Like the spleen and lymphatics the adult bone-marrow pro- 
duces colourless nuclear discs — Method of displaying these 
free nuclei — Two methods by which red discs are produced in 
the mammal: 1, From red nucleated cells; 2, from colourless 
naked nuclei — First or embryonic method retains its hold 
longer in the marrow than in the blood — Marrow of lower mam- 
mals yields naked njiclei to the blood — Spleen and lymphatics 
of embryd yield to its blood two kinds of colourless elements 
— The tendency is to complete uniformity of method — Admis- 
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When in August, 1877, the discovery was made that there 
existed in the blood of mammals a large mmiber of corpuscles, 
which had the same colour and the same refractive hhlex as the 
liquor sanguinis, and which were therefore necessarily invisible 
in this liquid, all other laboratory work was suspended, and I and 
my assistant set ourselves earnestly to work with a view, either 
to verify or disprove what appeared to be so important a fact. 
Every day for five months was exclusively devoted to this purpose, 
and by the end of this time, we had not only in numerous new 
ways verified the original observation, but had also ascertained 
that these Tierc corptiscles bore important relations on the one 
hand to the well-known red discs, and on the other to the 
corpuscles of the lymph and spleen. In addition it became 
apparent that the abnormal deviations of this newly-discovered 
element gave rise to fibnn in its various forms of -films, net- 
works, thrombi, and emboli, that they were, in fact, the cause 
of coagulation generally. 

In February, 1878, having acquired a confidence, begotten 
of incessant self-distrust, and of constant reappeals to Nature, 
I made my first overtures towards the publication of the results, 
but from circumstances over which I had no control this was 
delayed till November 14th of the same year, on which date a 
paper was read to the Birmingham Philosophical Society, under 
the following title : — ** On the Existence in Mammalian Blood of a 
New Morphological Element which explains the Onffin of the Red 
Disc and the Foimation of Fibrin.'" 

For several years I had been experimenting with the 
view of rendering micro-photography by the high powers 
available for the illustration of physiological and pathological 
investigations. I desired to do this for the reasons mentioned 
iu the introductory remarks to Part I. of this work. 
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At the period of the discovery of the new cm*pmcle I had 
so fer succeeded as to be able to produce with great rapidity, 
with the high powers of the microscope, negatives of sufficient 
intensity for printing delicate transparencies upon glass.* I 
determined, therefore, to photograph the results I had obtained 
with the blood, feeling sure that this would be the best means 
of promoting and making known my views, for I can in this 
way place before my readers exact representations of what I 
have myself seen under the microscope, and thus, though they 
may be unskilled, or but partially skilled in the use of this 
instrument, they will be able to understand the precise bearings 
of the question as easily and with the same security as if they 
had devoted considerable time to its use, for while the absolute 
and relative sizes and forms of objects are rigidly maintained, 
the varying yellow tints are transmuted into corresponding 
degrees of light and shade, which every eye can estimate with 
equal correctness. 

Many delicate things can also be observed in the photographs, 
which, owing to sameness of tint and the glare of light in the 
microscope, can only be seen with difficulty, and in some 
cases not at all in the original specimens. 

This is the first time that micro-photography with the 
high powers has been pressed systematically into the service of 
research, and in addition to affording a new method or reagent 
of great delicacy in relation to colour, and light and shade, its 
advantages over the ordinary methods of delineation are so 

* These glass transparencies were first exhibited publicly at a soir6e 
of the Boyal College of Physicians, London, in July, 1879; and in 
August of the same year I gave two demonstrations of the subject at the 
meeting of the British Medical Association held in Cork. 1. On the new 
morphological element of mammalian blood and its relation to the 
development of the red blood disc. 2. On the r61e of this new element in 
fibrin formation and coagulation generally. I had early in 1878 succeeded 
in obtaining negatives of sufficient intensity to print satisfactorily 
upon paper. An abstract of these discoveries was published in the ninth 
edition of Garpenter*s Physiology in the article on the blood, and later 
on, in 1880, a second paper was read to the Birmingham Philosophical 
Society, bearing the title, " Further researches on the third corpuscular 
element of mammalian blood," 
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palpable that its use seeins likely to constitute a uew epoch in 
illustration, for there can be little doubt that it will in the long 
run be adopted by all microscopic investigators who desire their 
labours to have proper weight and permanent influence. 

Photography appears to be the natural handmaid of 
Microscopy, and there can be no doubt that its universal 
adoption would lead to a rapid development of the sciences 
which depend upon this instrument for their elucidation, as it 
would enable each investigator to examine more perfectly, and 
weigh more critically, the results submitted to his judgment by 
fellow workers. It is well known that some. of our leading 
scientific societies entertain a great distaste for papers on micro- 
scopic subjects. This feeling has no doubt originated in the 
great difl&culties which beset such researches, for, in order to 
verify and adjudicate upon them honestlif and properly ^ it is 
necessary to follow in the precise tracks of the investigator, a 
thing almost impossible without the special education in the new 
methods which the discoverer himself has alone achieved. 
The difficulties are in reality of such magnitude as to render it 
all but impossible, as things stand, for a wise and just decision 
upon the value of such papers to be made. The general use of 
micro-photography would undoubtedly in great part remove 
this difficulty, and as there are many important regions of science 
which can only be investigated by means of the microscope, 
it is most desirable that this lamentable state of things 
should soon cease to exist. 

One of the great advantages, also, of this method consists 
in the fact that comparisons of specimens can be made with the 
greatest facihty whenever any new idea or fresh conception 
occurs to the mind. Eesults which at one time are meaningless, 
become pregnant with interest when compared with some other 
result, or when viewed from a different standpoint. We know 
also that imperfect generalisations too frequently arise from 
the basis of facts being meagre and insufficient. During 
the past few years I have accumulated several thousand 
photographs, which are imperishable records of the varia- 
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tions and changes of which the formed elements of the 
blood are susceptible ; and these, when repeatedly examined 
and compared with each other, continue to throw immense 
light upon some of the obscure regions of physiology and 
pathology. I am, therefore, hopeful that great advances will be 
made in our knowledge when these methods are better under- 
stood and commonly adopted. 

As the views of the blood, set forth in these essays, 
rest upon the discovery of a new anatomical fact, they are 
necessarily novel ; and as, in addition, some of the experiments, 
if not difficult, require painstaking care and patient applica- 
tion, I do not anticipate for them a ready recognition or 
acceptance, but in the meantime console myself by the 
reflection that I have trodden the ground conscientiously, and 
have laid down to the best of my ability the landmarks by which 
others may beccme familiar with the road ; and I am 
gratified that I can now feel myself at liberty to press 
steadily forward towards the important practical issues which 
I already see opening up in my path. I desire to add, that 
as my studies in this direction are likely to extend over some 
years, I shall feel obliged for any candid and generous 
criticisms with which persons working in the same field of 
labour may favour me, and for any help tending in any 
way to make the settlement of these vexed questions one 
of the many conquests of the century in which we live. 

Many requests have been made to me by medical 
friends and others engaged in teaching for an opportunity of 
witnessing the various new methods of experimenting on the 
blood. Nothing would give me more pleasure than to accede 
to these wishes, but my time is so much occupied that I 
find it impossible to respond to individual demands. To meet 
the difficulty a room has been set apart at the Institute of 
Scientific Eesearch, Broad Street, Birmingham, in which the 
apparatus, specimens, and photographs are so arranged and 
classified as to enable persons to quietly study the question in 
all its bearings at their own leisure. 
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In conclusion, I have to thank many scientific friends, not 
only for sound advice, hut also for the moral support and 
encouragement which they have accorded me under somewhat 
trying circiunstances, and more particularly is my gratitude 
due to my friend Mr. Henry Fidford, to whom I am deeply 
indehted for much literary assistance, and also for generous and 
substantial aid in caiTying out the work, which, on account of 
the novelty of the method of illustration, has been attended 
with a cost which would have been very burdensome to me as a 
private individual. 

At the moment of going to press my attention has been 
drawn to a paper by Professor Bizzozero, of Turin, just 
published (January 14th, 1882) in the ** Centralblatt fiir die 
medicinischen Wissenschaften " as a ** preliminaiy notice *' in 
the shape of an ** original communication," bearing the title 
** Ueber einen neuen Foimbestandteil des Saugetierblutes, und 
die Bedeutung desselben fiir die Thrombosis uud Blutgerinnung 
iiberhaupt;'* 

As the statements made in this paper ai-e essentialUj and 
almost verbally the same as those which appear in my papers of 
1878 and 1880 to the Birmingham Philosophical Society, I shall, 
to facilitate comparison, take the libei*ty of placing them in 
contrast side by side. 

BIZZOZEBO, 1882. NOBBIS, 1878 and 1880. 

Title of Paper. Titles of Papers. 

** On a new element of Mammalian '* On the existence in Mammalian 

Blood and tJie part it plays in Blood of a new Morphological 

the production of thrombi and Element which explains the 

coagulation generally " — '*Cen- origin of the Red Disc, andthe 

tralblatt," January 14, 1882. formation of Fibrin" — ^Nov.l4, 

1878— Proo. Birm. Phil. Soc. 

** Further Researches on the Third 
Corpuscular Element of Mam- 
malian Blood." — June 10, 
1880— "Proc.Birm.Phil. Soc." 



•* If the course of the circulation " From the above observations 

is watched in the mesentery of the author considers that two 



* Vide Original Paper in Appendix. 
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cliloralised rabbits aud guinea- 
pi^B, there are seen, besides the 
ordinary red aud white corpuscles, 
third elements, yery pale, oval or 
round, disc-shaped, or lenticular 
bodies, one-half or one-third the 
diameter of the red corpuscles 
among which they are scattered." 



" These bodies have hitherto 
escaped notice, probably because 
they are so colourless and trans- 
lucent, less numerous than the 
red, and less visible than the 
white corpuscles," 



conclusions are justifiable. 1st, 
That there exists in the blood of 
mammalia, in addition to the 
well-known red and white corpus- 
cles (Vide Plate II., Photographs 
1 and 2), colourless, transparent 
biconcave discs of the same size 
as the red ones. 2nd, Between 
these two kinds of biconcave discs, 
others having every intermediate 
gradation of colour are demon- 
strable." 

** The origin of these new cor- 
puscles is treated of in the second 
part of this paper." — Proc, Birm. 
PhiL Soc,, 1878, p, 16, 

"As in some of the examples 
yielded by the previous methods, 
there appeared to be indications 
that the nornuil form of the trans- 
parent colourless corpuscles was 
that of the unaltered red corpuscle, 
viz., a biconcave disc, it was 
decided to attempt the preserva- 
tion of their true form by separa- 
ting the glasses over a shallow 
pan filled with the vapour of 
osmic acid, it being well known, 
as pointed out by Schultze, that 
this vapour possesses the property 
of preventing change in the form 
of the red corpuscle. The series 
of Photographs 14, 15, and 16, on 
Plate IV., were obtained by this 
method, and are remarkable 
groups for displaying the fact, 
that corpuscles exist of every gra- 
dation of tint, from those which 
are perfectly colourless to the 
fully cruorised red disc. In Pho- 
tograph 16 we have also evidence 
that the corpuscles which are 
freest from colour possess in their 
original state a biconcave form 
the most decisive results, how- 
ever, as to the biconcave form of 
the new corpuscle have been 
obtained by the use of cold and 
obmio acid vapour in conjunc- 
tion."— rroc. Birm, Phil. Soc, 
1878, p, 10, 



**If we place upon the tip of 
the finger a minute drop of satu- 
rated solution of salt, and prick 
through it, so that the blood may 
flow directly into the saline solu- 
tion, the refractive power of tho 
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** These oorpusclea are to be 
observed also in freshly-drawn 
blood, for the most part 4ggre- 
f^ated around the coloarless cor- 
pUBcles, or ascending to the upper 
layer, they adhere to the cover- 
glass." 



** They change, however, with 
great rapidity, rapidly becoming 
granular, and appear to be the 
source of the small granule 
masses which have hwn. de- 
scribed by many observers." 



liquor sanguinis is modified, 
and it is found that if we run 
this mixture of salt and blood 
between glasses prepared accord- 
ing to the packing method before 
described, we can then see the 
outUnen of the transparent cor- 
puscles and the clear spaces 
which have hitherto been sup- 
posed to consist of liquor san- 
guinis only, are observed to teem 
with these corpuscles as in Plate 
II., Photograph 6."— Proc. Birm, 
PhiL Soc., p, 6. 

"Although the blood may be 
said to swarm with these trans- 
parent corpuscles they escape 
observation, because their colour 
and refractive index coincide 
exactly with those of the liquor 
sangumis." — Vroc, Birm. FhiU 
Soc,y p. 6. 

" Specific Gravity, — Like the 
white corpuscle, they are lighter 
than the i^d, and have a tendency 
constantly to rise to the surface 
of the blood, consequently the 
largest numbers are always seen 
to attach themselves to the upper 
glass in preference to the lower, 
and especially if time is allowed 
them to rise. This, no doubt, 
has something to do with the 
bt^y coat,*' — J*roc, Birm. Phil, 
Soc„ 1880, p, 266. 

** These corpuscles are ex- 
tremely fugitive in their charac- 
ter when the blood is shed, and 
are rendered more so by dilution 
of the plasma." — Proc, Birm, 
Phil, Soc,, 1878, p, 13, 



**• The first corpuscles to attach 
themselves to foreign bodies, such 
as glass, are the uucoloured, and 
very slightly coloured, smooth 
corpuscles, the invisible corpus- 
cles of the blood. But these are 
easily overlooked, for they are so 
delicate and fragile that when 
they do not melt down, so to 
speak, they almost invariably 
break up into molecules or 
spheroidal granules, however 
gently the surplus blood may be 
withdrawn by capillarity from 



Preface, 



XXIX 



** The corpuscles can be pre- 
served unaltered in form for 
more prolonged examination by 
certain reagents, as tot instance 
by a solution of sodium chloride, 
tinted with methyl-violet." 



off and around them ; that is to 
say, however carefully the glasses 
may be separated from each 
other. Another mode in which 
they frequently elude observa- 
tion is by fusing and laying 
themselves down in a delicate 
film upon the slide and cover- 
glass, and they often seem in this 
way to furnish a basis of adhe- 
sion for the more cruorised cor- 
puscles, for mosaic groups of 
these are constantly found to 
have a delicate layer of the non- 
cruorised corpuscles beneath and 
around them." — Proc, Birm, Phil, 
Soe», 1878, p. 9. 

*' Granulation, — The red cor- 
puscles rarely undergo granula- 
tion, but these can scarcely be 
prevented doing so. In this 
respect they are like the ordinary 
white corpuscle, to which body 
they in fact assimilate in aZ2 their 
properties. These granules some- 
times result from the breaking 
up of single corpuscles, and at 
others from the breaking up of 
groups or fused masses of them." 
—Proc, Birm, Phil, Soc,, 1880, 
p, 216. 



**The plan I have found suc- 
cessful has been to use saturated 
solutions of these salts, more 
especially sodium chloride, as the 
basis of the staining fluid ; that 
is to say, I have used pigments 
which could be retained in solu- 
tion, in water saturated with 
these salts." — Proe, Birm, Phil, 
Soe,, 1878, p. 13» 

** Relation to Stains, — ^I have 
already stated in my former 
paper that these corpuscles, when 
in the liquor sanguinis, stain 
with carmine, and the red ones 
with aniline. I have found more 
recently that they may be readily 
stained by a weak solution of 
aniline blue, in three-quarter per 
cent, solution of conmion salt." — 
Proc. Birm, Phil, Soc,, 1880, p, 
217, 



** They are to be found also in 
human blood, but they undergo 



** In obtaining the specimens 
of blood for examination the 
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aJteratious with extreme rapidity, 
and the best method of observing 
them has been found to be to 
place a drop of the above solution 
over the puncture, and then 
squeezing the blood out and im- 
mediately examining it under the 
microscope." 



** The new elements constitute 
the chief part of the white clots 
in mammalia, since they give rise 
to the granular material which is 
seen between the white corpuscles, 
and which has hitherto been 
ascribed to the degeneration of 
fibrin." 

'* The time at which coagula- 
tion occurs in a given drop of 
blood corresponds closely to that 
at which these new elements 
present degenerative changes." 



following method should be 
adopted in all cases : — Place upon 
the end of the finger a small drop 
of the staining fluid, and with a 
needle prick the finger through 
this drop, so that the blood may, 
when the finger is squeezed, flow 
directly into the liquid which has 
the double property of both pre- 
serving and stainintf. After well 
mixing with the needle on the 
end of the finger, the blood may 
be allowed to flow by capillarity 
between the cover-glass and sUde 
for examination." — Proc, Binn. 
PhiL Soc., 1878, p. 14. 

*' A drop of this stain being 
placed upon the end of the finger, 
the latter is pricked through the 
drop, so that the blood may come 
into immediate contact with the 
saline solution the moment it 
is shed, and the corpuscles be 
thus prevented from undergoing 
change." — Proc. Birtn. Phil. Soc., 
1878, p. 15. 



** Finally, the general behaviour 
of these corpuscles after the 
blood is shed, their tendency to 
break up into granules, to lay 
themselves down as delicate 
films, to form networks, in a word, 
their fibrin-forming property, 
is totally opposed to the concep- 
tion that they were once red discs." 
—Proc. Birm. Phil. Soc., 1878, 
p. 18. 

** The discovery of a third 
corpuscle has thrown great light 
on the question of the coagulation 
of the blood, and of fibrin forma- 
tion generally. To avoid com- 
plication this subject will receive 
separate treatment. It may, 
however, be briefly stated here 
that on the basis of their be- 
haviour when the blood is shed, 
the biconcave discs are divisible 
into two groups — a fugitive and a 
permanent group — and that the 
changes which take place in the 
former determine coagulation." — 
Proc. Birm. Phil. Sac, 1878, p. 13. 

** In many cases the invisible 
corpuscles are still sufficiently 
^stinot to show that these "fibril) 
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or plasmine pools " originate from 
them. There is reason to think 
that every part of the background 
of this specimen is covered with 
liquid of corpuscular origin." 

"Plate v., Photograph 22,8how8 
invisible and subcruorised cor- 
puscles in the act of spreading, 
fusion, and disintegration. It 
represents a still more advanced 
stage in plasmine formation." 

" The disintegrative changes 
which take place in these cor- 
puscles give rise to the formation 
of fibrin in the blood, and the 
fibrin which is formed in the 
lymph has its origin in similar 
changes in the gland corpuscles." 
— Proc, Birm, Phil, Soc,, 1878, p, 
li. 

•♦Photograph 60, Plate XI.,give8 
an example of the direct conver- 
sion of the colourless discs into 
fibrin without passing through the 
stage of granulation. This is a 
modified mode of action of the 
process of annulation." — Proc, 
Birm, Phil, 8oc., 1880, p, 214, 

'* These primary groups are 
often to be seen undergoing con- 
version into fibrin. The corpuscles 
of these groups are de facto fibrin, 
and the delicate fibres and layers 
which appear on glass-slides are 
due, first, to the extension of 
these granulations into fibres, 
or to annulation of the entire 
corpuscle ; or, secondly, to the 
spreading and laying down of 
these corpuscles into films. When 
blood is completely defibrinated 
these corpuscles and their gra- 
nules entirely disappear, and can 
no longer be shown by any of my 
methods." — Proc, Birm, Phil, 
^oc., 1880, p* 214, 

** These three classes of cor- 
puscles are all capable of under- 
going similar changes, but with 
different degrees of facility, and 
on this account these changes 
are commonly seen in the primary 
or fugitive group only." 

" These changes are of the 
nature of fusion, of granulation^ 
and of fibrillation, and groups of 
each class may be shown in which 
these changes have occurred or 
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**It will be remembered that 
A. Schmidt asserted that the 
coagtilation of the blood is effected 
by the white corpuscles, which, 
by their destruction, yield the 
granules, and so constitute a 
considerable part of the sub- 
stance of the clot. The forma- 
tion of the clot is due not to the 
white corpuscles, but to ihe new 
elements." 



are taking place." — Proc, Birm, 
Phil. Soc„ 1880, p. 213, 

" The application of a delicate 
photo-chemical test, such as is 
afforded us by photography, in- 
dubitably shows the existence of 
a regularly graduated series, 
from a colourless to a deep 
yellow disc. Of these the colour- 
less and the more faintly-tinted 
ones range themselves together 
on the unstable or fibrin side, 
and the more strongly-tinted on 
the stable or permanently cor- 
puscular side; in other words, 
the stability of the blood cor- 
puscle is directly proportionate 
to its degree of cruorisation, and 
the flickering or diffused edged 
corpuscles mark the point at 
which the biconcave discs become 
converted into flbrin when the 
blood is shed." — Proe» Birm. Phil. 
Soc., 1880, p. 215.* 



tuk granule bpuebx 
(kSbnerkuokln) . 

"In Fftufier's Archivett for 
November, 1875, will be found a 
paper by Alexander Schmidt, in 
which publicity is given to certain 
observations made on the blood 
by Semmer. This investigator 
examined microscopically the 
plasma of horse's blood which 
had been prevented from coagu- 
lating by means of cold, and 
arrived at the following conclu- 
sions : — 1st, That there exists in 
the plasma of horse's blood, 
which has been allowed to sub- 
side at an ice-cold temperature, 
yellow and red grannie balls or 
corpuscles, (rothe komerkugeln,) 
which are considerably larger 
than the ordinary colourless cor- 
puscle of the blood. 2nd, When 
kept for a few hours * these 
corpuscles disintegrate into white 
granular heaps ' (f arblose kdmer- 
haufen)." 

"It is suggested by Semmer 
that these granule balls or 
spheres occupy an intermediate 
position between the ordinary 
white corpuscle and the red disc ; 
that tbey are in fact the transi* 
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**The fluids which retard or 
prevent coagulation — solution of 
carbonate of soda, or sulphate of 
magnesia, for instance — also 
hinder the granular transforma- 
tion of the new corpuscles." 



tion stages in the development of 
the red disc. 

It is assumed, therefore, that 
they exist in perfectly fresh blood, 
t.^., in blood circulating in the 
vessels, but disappear imme- 
diately when the blood is shed, 
going in some way to form fibrin." 

"When blood is allowed to 
coagulate, the granule balls of 
Semmer mainly disappear, being 
simply the more coloured corpus- 
cles of the fugitive group. They 
melt down into fibrin without 
undergoing granulation, but when 
by the use of cold this is pre- 
vented, they undergo granula- 
tion, and show themselves as 
coloured granule spheres. When 
the corpuscles first break up these 
granules are coloured, but they 
subsequently, t.«., in *a few 
hours,' give up their colour to 
the liquor sanguinis and appear 
white." — Proc, Birm. Phil, Soc, 
1878, p, 26. 



*'It is well known that the 
coagulation of the blood can be 
entirely prevented by means of 
saturated solutions of neutral 
salts. I have ascertained that 
this is due to the power of these 
substances to maintain the in- 
tegrity of the invisible and sub- 
cruorised corpuscle, which is the 
true fibrin stroma." — Proc, Birm. 
Phil. Soc.y 1878, p. 13. 

*' For after I had acquired the 
knowledge that these corpuscles 
were the./i6nn factors, it occurred 
to me that, as neutral saline 
solutions prevented coagulation, 
they might do so by hindering 
physical changes in these cor- 
puscles, and on examination I 
foimd this view to be correct." — 
Proc. Birm. Phil. Soc, 1880, p. 220. 



What relation then do the corpuscles seen by Bizzozero in 
the circulating blood, bear to those which I have collectively 
described as the fugitive group of discs / I have shown in my 
early papers that the so-called lymph corpuscles are in reality 
discs. They are stfialler, but somewhat thicker^ than the blood 
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discs, and are of two kinds. I have designated then) the 
primary and the advanced lymph discs. The latter are the free 
nuclei of the former, and, in the main, enter the blood in such a 
forward state of development as to become at once its smooth 
invisible, colourless discs ; but a few less perfectly elaborated 
present themselves in the blood as very delicate, translucent, 
visible discs, free from haemoglobin. These, however, gradually 
pass into the invisible state. On the other hand, a few of the 
primary discs before referred to, which have escaped decapsula- 
tion in the blood-glands, come over into the blood. These are 
more visible than the foregoing, and have a slightly larger size. 
They do not pass into the invisible state, but, on the contrary, 
undergo development into the uninuclear white corpuscle, of 
which bodies there exist every variety of size between this 
primary cell and the multinuclear white corpuscle. In 
histological constitution the fugitive yroup of discs is entirely 
nuclear, beginning with the advanced lymph disc (a small 
proportion of which, as before said, exist in the blood as very 
delicate, visible bodies, but in the main as the invisible discs), 
and ending in the green, lustrous or diffused-edged corpuscles. 
The accidentally visible element of this group, which antecedes 
the invisible disc, is the corpuscle seen in the circulating blood 
by Bizzozero. Its existence is but the indication of the presence 
of a far more numerous series of corpuscles which are wholly 
invisible to the eye, but some of which are nevertheless capable 
of being photographed. In this fiujitive group of discs all 
the elements exist which are essential to the formation of 
fibrin and the coagulation of the blood. These elements, 
studied from their chemical aspect, have received the well- 
known designations of fibrinogen, fibrinoplastin, and ferment, 
and may exist together or separately from each other. 
A single, somewhat developed, fugitive young blood disc, 
being convertible into fibrin, must contain- them all, but such a 
disc in its physical and chemical constitution is but a type of 
the whole series of the fugitive discs, for in its interior it contains 
material of the nature of the primary invisible discs, and on its 
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exterior of the coloured discs (vide Section IV.) Liquids such 
as seriuu and hydroclee fluid are selective hy the mode of their 
origin — the former containing corpuscular derivatives which 
correspond to flhrinoplastin, and the latter such as correspond 
to fibrinogen. The fibrin which forms in the lymph is a product 
of the advanced lymph discs, while the ordinary clot which forms 
in blood in a state of quiescence is formed entirely of these and 
the invisible corpuscles; but some of the latter, although they do 
not contain sufficient colour to enable them to be seen, respond 
nevertheless to the more delicate colour-test afforded by photo- 
graphy. The formation of fibrin in the blood of the ovipara 
proceeds upon precisely the same principles from the degenera- 
tive changes in the younger corpuscles, especially of those with 
the clear invisible margins, which latter break away from their 
nuclei, and becoming diffused in the liquid pass readily through 
filtering paper, etc. After spontaneous coagulation thus brought 
about, it is well known that an amount of fibrin greater than 
that yielded spontaneously can be obtained by treating the 
corpuscles which have been allowed to subside in defibrinated 
blood or those on the filter with distilled water, which sets free 
the fibrin factors. In this case, therefore, we also have evidence 
that the corpuscles are the source of the fibrinogen, of the 
fibrinoplastin, and the ferment. The elliptical corpuscles . of 
the ovipara are with those of the mammal equally capable of 
division into a fugitive and permanent group, based upon their 
behaviour when the blood is shed. For further information I 
must refer my readers to the Appendix, in which this matter of 
priority is more fully discussed, and leave them to judge 
whether I have adduced sufficient evidence to show that the 
statements made by Professor Bizzozero in 1882 had been 
already anticipated in my published writings of 1878 and 1880.* 



Institute of Scientific Research, 
Birmingham, 1882, 



* Vide Abstract from the Minutes of the Birmingham Philosophical 
Society, February 9th, 1882, in Appendix. 
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Probably no part of microscopical anatomy has exercised 
the powers or exhausted the patience of physiologists more than 
the question of the origin and mode of development of the 
morphological elements of the blood. These bodies are 
universally known under the designation of the red and 
white corpuscles. The former were first observed by Swam- 
merdam in 1668,* and the latter by Hewson in 1778, t 
or 115 years later. The red corpuscle has, therefore, been 
known for 228 years, and the white one for 108 years ; but, not- 
withstanding the length of time these bodies have been the 
subject of investigation, no settled convictions have been arrived 
at, either as to their origin, mode of development, or the 
relation, if any, which they may hold to each other. Since 

* These minute bodies were first seen in the year 1658 by 
Swammerdam. His observations, howevdr, were not published till a 
century later. In 1661 Malpighi published his discovery of the blood 
corpuscles of the hedgehog. He erroneously regarded them as globules 
of fat. Leeuwenhoek, in 1673, detected them in human blood, and 
from this time the study of these bodies commenced in earnest. Hewson, 
in 1770, showed that the human red corpuscles in their normal state 
were not globules, but ''in reality flat bodies." Dr. Yoimg, in 1813, 
inferred that a depression existed on their flat surfaces — ^that, in fact, they 
were biconcave discs, this was finally determined by Dr. Hodgkin and 
Mr. Lister in 1827. 

By the combined labours of Dr. Hodgkin, Mr. James Jackson Lister, 
Professor Gulliver, and Mr. Wharton Jones, it has been definitely deter- 
mined that the mammalian red blood corpuscle does not possess a nucleuR. 
As the result, then, of researches extending over two hundred years, we 
are in a position to affirm with certainty that the mammalian red 
blood corpuscles in their normal state are non-nucleated biconcave 
discs of a reddish yellow colour, having a diameter of about l-3200th, 
and a thickness of about l-12,000th of an inch. 

f Secondly, we have proved that vast numbers of (central ?) particles 
made by the thymus and lymphatic glands are poured into the blood 
vessels through the thoracic duct, and if we examine the blood atten- 
tively we see them floating in it, Hewson's Works, Sec, 98, p. 282, 



Introdiiction. xxxvii 

the year 1846* no important eflfbrt has been made till very 
recently to grapple again with the subject. The most important 

• The researches of Wharton Jones are published in the Philo- 
sophical Transactions for 1846. This author held that the red corpuscle 
was developed in the blood current from the white corpuscle, which he 
regarded as having three phases, that of granule-cell, of nucleated cell, 
and of free celleBform nucleus. " In the invertebrata and oviparous 
vertebrata the blood corpuscle exists only in the first two phases. The red 
corpuscle of the oviparous vertebrata belongs to the phase of nucleated 
cell; is, in fact, a white corpuscle which has attained colour. It is 
found in all the three phases in mammalia. The phase of free oellse- 
form nucleus is the colourless stage of the well-known mammalian red 
corpuscle." This view has been before the world for more than a quarter 
of a century, and has enjoyed the advantage of illustrious support, but 
has failed entirely to win the adhesion of physiologists either in this 
country or abroad, because it has been impossible to trace the transfor- 
mation of the \\hevB,tedi naked nuclei into coloured discs^ or to give sound 
reasons why this could not be done. 

This view, notwithstanding, is a close approximation to the truth, so 
far as the process is concerned, which in this work has been designated 
the minor mode of blood-making. The theory, indeed, is correct, but its 
author erred in considering that he could see the steps of the process, 
and trace in the blood the naked nuclei of the white corpuscles. Like 
the nuclei of the gland and splenic corpuscles, these bodies pass through 
the stage of invisible colourless discs, and do not reappear until they have 
gained a tint in advance of that of the liquor sanguinis. Wharton Jones 
appears to have mistaken the smallest kind of white blood corpuscles for 
the liberated nuclei of the larger ones. These are, however, not naked 
nuclei J for by the " method of osmosis " these bodies can be shown to 
possess a cell wall, and to be, in fact, primary lymph corpuscles. Be this 
as it may, it is not possible to trace visually the liberated nuclei of the 
white corpuscles through their entire course^ because at one stage they 
have the refractive index and colour of the liquor sanguinis. 

The view advanced by Kolliker in 1852, was also approximatively 
correct, but in this case the process, which in this work has been des- 
cribed as the major mode of blood-making, was the one concerned. It is 
obvious that he had no confidence in the previous doctrine which regarded 
the red disc as the coloured nucleus of the white blood corpuscles, tor he 
says : '* Though the microscopical investigation of the blood shows that 
it invariably contains a certain number of larger pale cells, with several 
nuclei or a single nucleus, disintegrated by acetic acid, of which, although 
they are certainly derived from the chyle or are metamorphosed elements of 
it, it is perhaps impossible to suppose that they ever become blood cells." — 
Human Histology J Yo\. ii.j p. 345. 

Subsequently he gives his own view in the following words : ** Not- 
withstanding the great pains specially devoted to the discovery of the 
originatiou of the blood globules after birth and in the adult, it still 
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papers "which the interval has produced are those of Bizzozero* 
and Neumann,! who, it must be admitted, have succeeded in 
showing that the red bone-marrow is a source of lymphoid cells. 
These researches have, however, thrown no satisfactory 
light upon the genesis of the red corpuscle, | and, as a conse- 



rexnains one of the most obscure parts in the history of the blood cells. 
In my opinion, however, the notion which assumes that the red blood 
cells proceed from the smaller chyle corpuscles which lose their nuclei, 
become flattened, and have hsematin produced in them, is the one most 
deserving of credit. These cells are about the same size as the blood 
globules, or even rather smaller, have the same kind of membrane as the 
latter, are flattened, and not unfrequently of a yellow colour, and 
consequently may, as we see in the colourless blood cells of the embryo, 
pass without any considerable change into coloured cells. Where and 
how this takes place no one has seen, and notwithstanding all the trouble 
and care that I have devoted to the subject, I have never noticed a 
nucleated coloured blood cell in the adult mammal. 

" I maintain," he says, " their origination from the lymph corpuscles, 
and in order to explain the reason why the transition itself has not yet 
been observed, I broach the supposition that it may take place too rapidly 
to be in any way obvious with our means of observation." — Human 
HUtology, Vol. II., Page 344. 

Between the small lymph corpuscle in the thoracic duct and the red 
blood corpuscle, Kolliker saw nothing. There was a gap which could not 
be bridged over. He therefore inferred that the small lymph corpuscle 
became suddenly converted into the red corpuscle. 

Kdlliker needed two facts to enable him to place his view of the 
origin of the red corpuscle upon a solid foundation : 1. The knowledge that 
the small lymph corpuscles were simply smooth nuclei by the time they 
reached the thoracic duct ; and, 2, the fact of the existence in the blood 
of a colourless disc which gradually became coloured. 

We see, therefore, that the views of both these distinguished his- 
tologists were in the main correct, but that they referred to two distinct 
modes of blood production, and that the knowledge of the invisible 
colourless stage of the blood disc was essehtial to the completion of 
either theory. 

♦ 1865, 1868.— Sulmidollo della ossa Napoli, 1869. 

t 1868. — ^Du r61e de la moella des os dans la formation du sang. 
(Extrait.) Page 1112, Gomptes rendus, 1869. 

I Both physiologists and pathologists have of late years become 
painfully conscious that we are destitute of all accurate knowledge 
respecting the matter. Thus Virchow says : " The whole history of the 
red blood corpuscles is still invested with a mysterious obscurity, 
inasmuch as no positive information has, even at the present time been 
obtained with regard to the origin of these elements. We know that 
in the first mouths of the existence even of the human embryo, divisions 
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queuce, still more strenuous efforts have been made during the 

past few years to tear down the veil. Striking boldly, but 

somewhat rashly, clear of the old lines, Hayem, in France,* 

has endeavoured to show that the red corpuscles are entirely 

independent of the white corpuscles and of the lymph cells, 

and that they arise within the blood itself from minute bodies 

which he has described and designated hmtnatohlasts. On the 

other hand, Eindfleisch, in Germany,! smarting under the 

humiliating sense of our profound ignorance, which he describes 

as a sore in our scientific manhood, has sought to support and 

develop the views of the medullary school, by affirming that 

cells similar to red nucleated embryonic cells are formed in the 
red bone marrow, the nuclei of which do not, as previously 

take place in the cells, whereby an increase in the number of those 
present in the blood itself is produced. But after this time all is 
obscure, and this obscurity indeed corresponds pretty exactly with the 
period at which the corpuscles in the blood of man and the mammalia 
cease to exhibit nuclei. We can only say that we are acquainted with no 
fact whatever which speaks in favour of a further development, or of a 
cell division in the blood, but that everything points to the probability 
of a supply from without."- -Virchow, Cellular Pathology^ p. 223. 

Frey, after a long disquisition on the blood, winds up as follows : 
**If we now ask, at the conclusion of this long inquiry into the nature 
of the blood, how much is known at the present day of the conditions 
during life of its two species of cells, we must allow that the results of 
all research, so far, are but very unsatisfactory." — Histology and Histo- 
Chemistry of Man, 1874. 

Huxley says: **That the red corpuscles are in some way or other 
derived from the colourless corpuscles may be regarded as certain, but 
the steps of the process have not been made out with perfect certainty.* 
— Elefnentary Physiology^ p. 62. 

*' McKendrick says: **A8 to the origin and end of the coloured 
corpuscles we are still in ignorance, nor can we trace precisely their 
relation to the colourless cells. Attempts have been made to show that 
they are probably the free nuclei of colourless cells, a supposition which 
has a few dubious facts to rest on, and which is not very probable." — 
Outlines of Physiology, 1878, p. 288. 

Many statements of this kind might be brought together, but 
enough has been said to indicate the existing position of the subject. 

* Becherches sur revolution des h^maties dans le sang de 
rhomme et des vert6br68. — "Archives de Physiologic," MM. Brown- 
S^quard, Charcot, Vulpian. 

t Ueber Knochenmark und Blutbilduug. 
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supposed, undergo atrophy, but escape bodily, while the 
coloured exterior protoplasm becomes gradually modelled into 
red biconcave discs/'' 

Simultaneously with the publication of llayem's research 
in France (1878), I made known in this country my discovery 
of the existence of large numbers of colourless and faintly- 
coloured biconcave discs in the blood of mammals, a fact 
which had failed to be earlier observed, owing to the 
circumstance that the colour and refractive index of these 
bodies coincided in the niain with that of the serum in 
which they lay. This discovery has since proved to be the 
key to unlock the mystery of the development of the blood, and 
has had the effect of harmonising all the various views which 
exist as to the extra- vascular sources of its corpuscular supply, 
for it can be demonstrated that all these sources yield to the 
blood as their most developed product smooth free nuclei, which 



* Since the body of this work was priuted, I have had the pleasure of 
perusing a paper in the January number (1882) of the Archives de Physio- 
logies by M. Malassez, in which he endeavours to show that the red discs 
which arise in the bone-marrow are produced by budding or gemmatiou 
of the coloured protoplasm of the red nucleated cells. Among a large 
number of photographs which I possess of bone-marrows of animals 
of various kinds and ages, I find a few examples only which could be 
interpreted to sustain such a view, and these do not belong to embryos 
or young animals in which, if anywhere, such a process might be 
expected to be proceeding at a rapid rate. The same thing occurs in 
the shed blood of the oviparous embryo, where the production of non- 
nucleated discs would be without meaning This inclines me, therefore, 
to hold still to the view of Neumann, somewhat modified, viz., that the 
entire cell, its nucleus, and protoplasm, undergo interstitial development, 
absorption, and condensation, and conversion, in situ, into a red disc. lu 
such a view, the comparison of the relative volumes of the coloured 
protoplasm of the red nucleated cells and the red discs is obviously 
unimportant. Whatever may be the manner in which nucleated re^ 
cells become converted into red biconcave discs, the process (though 
persisting to an extent in some of the lower mammals) is essentially 
embryonic, and by no means represents the major process by which red 
discs are formed. In the bone-marrow, as elsewhere, naked nuclei 
(advanced lymph corpuscles) are transformed into colourless discs. In 
the embryo these nuclei sometimes become coloured before they leave 
the marrow, but in the adult they appear to pass into the blood in the 
colourless, invisible state. 
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appear in it at first as its colourless disc, aud subsequently by 
the gradual attainment of colour become its red corpuscle. 
This is the case with the lymphatic glands, the spleen, the 
thymus, the thyroid, and the red bone marrow.* 



* In a work recently issued by M. Hayem (1882), entitled " Lepons 
flur les modifications du sang," this author, whilst freely admitting the 
existence of the corpuscles above referred to, and the competency of my 
methods to display them, and proposing for them the new names of 
dchromacytes and chlorocytes, adopts, to explain their presence, the 
exploded view that they represent various stages of decolourised red discs. 
M. Hayem appears to be very imperfectly informed as to the nature and 
extent of my work, and to have derived his knowledge from a hasty 
criticism in the '* London Medical Record " (Jan. 1880) of the paper 
which I read to the Birmingham Philosophical Society, November 14th, 
1878. He seems to have adopted, without personal examination, the 
conclusions of this writer, for they mutually labour under the erroneous 
impression that these corpuscles are the products of compression and 
violence i which discharges their hssmoglobin and renders them colourless. 
Hayem says : ** Les h6maties a une compression plus ou moins forte, un 
observateur anglais, Norris, a pu faire apparaitre un nombre variable 
d'achromacytes, produits artificiels dans lesquels il a en la singuli^re id6e 
de voir les formes primitives des globules rouges," page 287. In a second 
paper read to the Birmingham Philosophical Society in June, 1880, I 
have already replied fully to these objections, and have shown that no com- 
pression icliatever is necessai'y to ohsei've these corpuscles^ and also tfiat red 
corpuscles cannot he decolourised by this means. This paper, with additions, 
forms Section II. of this work. This notion of compression is an illusion 
which has arisen from the advice given in one of my experiments to 
firmly strap down the cover-glass upon the slide with its convex surface 
downwards, in order to produce the harrier of Newton's rings through 
which the liquor sanguinis filters off. It should be borne in mind that 
this is done before the blood is allowed to run in, and is only a matter of 
convenience, for many covers can be found with which strapping down is 
unnecessary, as they apply tfiemselves properly to the slide ; besides, it is 
not necessary that the corpuscles should be squeezed or compressed in the 
least ; the glasses may be wide enough apart to allow them to fully retain 
their hiconcavity^ but not so separated as to permit them to slip over each 
other so as to become superimposed and to form a double layer. In this 
way we get the colourless discs surrounded by the red ones, and the former 
are seen because red ones do not lie above or below them to confer on them 
a borrowed tint. To see these colourless and intermediately coloured discs 
it is simply necessary to place a small drop of blood fresh from the finger 
upon a glass slide, and let down gently upon it a thin mica-cover about 1^ 
by J of an inch. What can be simpler ? It differs only from the usual 
method of examining the blood in the size and flexibility of the cover, 
which conditions allow the blood to be seen in single layer. With a little 
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When Hewsou threw out the suggestion that the ** small 
white solid particles " which he obtained from the glands were 
the antecedents of the red corpuscles, he was pai*tially right ; but 
when having observed in the blood the ordinary white corpuscle 



practice their presence will be detected instantly the specimen is placed 
under the microscope. The same results are obtainable when the blood 
has been kept at its normal temperature on the warm stage, or when 
reduced to that of zero. Although in the sentence quoted Hay em commits 
himself so distinctly to the statement that these are artificial products ^ he 
nevertheless proceeds aa follows : *' Dans quelques les mdme, la presence 
d'achromacytes dans des preparations faites avec le plus grand soin m'a 
conduit k admettre que cette alteration pouvait se produire dans le sang 
en circulation, et avant Taction des agents ext6rieurs." Hayem further 
suggests that moisture may play a part in these alterations. This matter 
was the first to engage our attention in 1877, when the corpuscle was 
first discovered, for it was thought that the aqueous vapour arising from 
the drop of blood itself might condense upon the slide or cover glass, and 
lead to solution of the hsemoglobin. This proved not to be the case. 
The observation of Hayem that corpuscles can be decolourised by blowing 
upon them with the mouth is an old and well-known one, which I practised 
twenty years ago ; but it should be remembered that one of my methods is 
the direct converse of this, as it consists in the simultaneous spreading and 
rapid drying of the blood by means of air blown from a large syringe through 
calcium chloride. On the other hand red corpuscles decolourised by 
moisture are entirely distinct from and unlike these colourless discs, and 
would only be confounded with them by persons who had not made a 
special point of studying them in contrast. 

In Section II. of this work overwhelming evidence is furnished 
that these corpuscles are not decolourised discs. In Section III. the 
several methods of staining with aniline blue are described, and when 
so stained these corpuscles have quite a different appearance to 
decolourised discs which have been similarly treated, the former being 
large and plump, while the latter are thin and collapsed. In Section lY. 
a large amount of evidence is brought together tending to prove that 
the so-called hsBmatoblasts of Hayem are in reality but modified forms, 
fragments, and granules of the slightly coloured discs of this series, of 
the corpuscles, in fact, which he has designated chlorocytes. In 
Section V. proof is afforded that colourless discs (advanced lymph 
corpuscles) are at definite intervals thrown into the blood from the 
lymphatics and spleen, and in Section YI. the identity of these bodies 
with the colourless discs of the blood is demonstrated. In Section X. it 
is shown that the phenomena of ansBmia can only be explained by 
considering the blood corpuscle to begin its career as a colourless disc 
which a^cquires colour in a gradual manner in the blood. In section XI. it is. 
shown that the analogue of these colourless discs is present in oviparous 
blood as the first stage in tlie blood of the red nucleated corpuscle, and 
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he assumed its identity with the gland coi'puscles, he committed 
the error which was repeated seventy-nine years later, when, in 
1852, pathologists, having discovered that hypertrophy of the 
glands was associated with increase of white blood corpuscles, 
came to the conclusion that the function of the blood glands 
was to produce white blood corpuscles. I have shown 
that the function of the blood-glands is not to produce 
leucocytes f such as we see in the blood, but, on . the 
contrary, free nuclei^ which become its colourless discs. Our 
misfortune has consisted in failing to recognise that a progres- 
sive development continually goes on in the blood glands by 
which yoimg and immature cells are deprived of their capsules 
and theu' nuclear discs set free. This process has a certain per 
centage of failure which may be regarded as normal to it, and 
which within certain limits is quite consistent with health. The 
number of leucocytes in any specimen of blood indicates the 
extent of this failure, because they represent the cells which. 



that these colourless ellipsoidal cells are derived thus perfected from the 
lymphatics, bone-marrow, and spleen. As a matter of fact, my work 
may be regarded from beginning to end as a demonstration that these 
corpuscles are not decolourised discs, but young discs which are passing 
from the colourless towards the fully coloured condition. 

As to the new names proposed, I am bound to say I regard them as 
both inaccurate and inadequate. In the first place, blood discs are not 
cells ; and in the second, discs possessing every shade of colour exist 
between achromacytes and chlorocytes and these remain undesignated. 
The green corpuscles are those which I frequently refer to as the 
"green, lustrous, or di£fused-edged corpuscles," and the most coloured of 
which photograph neaHy as dark as the red discs (vide Photograph 59). 
These mark the limit of the fugitive group of discs which is constituted 
of those colourless and partially coloured discs which in their 
degenerations form fibrin and determine coagulation. The term 
achromacyte would be better applied to the colourless stage of the 
red nucleated corpuscle of the ovipara, because this is a true cell ; but 
on the whole it seems to be undesirable to coin designations, however 
satisfactory they may seem, until we are agreed among ourselves upon 
the factSj for such terms are catching^ become current, and, not being held 
tentatively, often in the end prove stumbling-blocks to scientific progress. 
No better example could be found than the confused use of the term 
hcematohlast^ which is now applied by different authors to widely-diverse 
elements. 



xliv Introduction, 

liaving escaped capsular degeneration, become developed in the 
large lymphatics and thoracic duct and in the blood into uni- 
nuclear and multinuclear cells, and are there seen as the white 
corpuscles. At this point we get a glimpse of the nature of the 
defective function of the glands which gives rise to leukhaemia. 
The production of leucocytes by the glands in the place of 
nuclear discs is not to be regarded as an absolute failure of their 
blood-forming function, but rather the reduction of it to a lower 
and more sluggish type, for there are strong reasons for thinking 
that the leucocytes of the blood shed their nuclei, and that these 
pass through the stage of colourless discs and become ultimately 
red corpuscles. To the uninuclear lymph cell, as found in 
the blood-glands, I have given the name of the pmnnrtj b/mph cor- 
piiscle, and to its liberated nuclear disc that of the advanced 
lymph corpnacle. Such few of the primary ones as escape 
capsular degeneration become the white corpuscles ^ while the 
main body which have undergone this change go to fomi 
the colourUss discs of the blood. In a restricted sense the 
conjecture of Professor Gulliver was quite connect when he said: 
'* That the lymph globule is an immature cell which may change 
in the blood, or even in the thoracic duct or lymphatic vessels, 
into the larger and more perfect pale cell of the blood is very 
probable." (Note cxlvi., p. 282, Hewson's Works.) This 
of course could only happen with the prima ry lymph corpuscle. 
It will naturally be anticipated that in the event of correct 
views as to the mode of the development of the blood having been 
obtained by these researches, new light will be thrown upon those 
abnormal departures which we recognise as disease, and this has 
proved to be the case, not only in leukhaBmia, but also in the more 
frequent derangement, anaemia. It transpires that the mode of 
aiTangement of the haemoglobin in the individual corpuscles is 
such as to be consistent only with a view which considers the 
corpuscles to begin their career in a colourless state, and to 
assume equal increments of haemoglobin in equal times, we are 
thus enabled to explain how it comes about that corpuscular 
deficiency is associated with a greatly disproportionate loss of 
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hsBiuoglobin, and to show that this rests in a definite law, to 

f 

which, with certain reservations, all cases of aneemia may be 
referred. 

In the concluding sections I have sought to point out 
the part which the spleen and the bone-marrow play in the 
production of the blood of the ovipara, and have explained the 
close analogy which subsists between the development of 
mammalian and oviparous blood corpuscles. 



SECTION I. 

Part I. 

On the existence in Mammalian Blood of a previously unknown 
Copuscle, which explains the oHgin of the Red Disc and the 
formation of Fibrin, 

The discovery which forms the basis of this research was made 
during a protracted attempt to render photography available 
for the preservation of observations made with the high powers 
of the microscope.* 

In order to carry out this object it was necessary to 
materially advance the existing state of micro-photography, 
and in the numerous preliminary experiments which this 
involved, a little blood drawn from the finger was commonly 
used as a test specimen. This led to the accumulation of a 
large number of photographs of human blood. 

In some of these photographs corpuscles were observed 
which, although obviously in the same plane, were barely visible, 
and it was found that they could not be seen at all in the original 
specimens, however carefully looked for. Photography had 
therefore detected the existence of corpuscles which differed so 
little in refractive power and colour from the liquor sanguinis 
as to be invisible to the eye. 

• It was desired to do this for the following reasons : — 

1. It removes the doubt and distrust which are inseparable from 
hand drawing and engraving, however carefully and conscientiously 
performed, by furnishing illustrations which are as indisputable in the 
shape of evidence as the original specimens from which the photographs 
are taken. 

2. It preserves perishable results so perfectly as to allow extensive 
comparisons of specimens to be ^made with a minimum amount of labour 
and fatigue. 

3. Its well-known power to make apparent minute differences of 
structure and colour^ which baffle the most trained eye, give it a claim to 
be regarded as a new and valuable method of research in Histology and 
Pathology. 
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Reflection on this curious fact gave rise to the opinion that 
possibly other corpuscles might exist, having precisely the same 
refractive index and actinic value as the hquor sanguinis, and 
that such would not only be invisible, but also incapable of being 
photographed. 

Such a suspicion being aroused fresh specimens of blood 
were submitted in extremely thin layers to the most careful 
scrutiny, in the hope that such corpuscles might in some indirect 
manner betray their existence. 

Under this neiv condition it was observed that the red 
corpuscles, as they moved about in the liquor sanguinis, 
occasionally became indented in outline, apparently in conse- 
quence of impinging against some unseen circular bodies less 
yielding than themselves.* By this observation the previous 
inference was materially strengthened, and a method was ulti- 
mately devised which rendered the presence of such corpuscles 
absolutely certain. 

This method was based upon the idea that the spaces which 
these corpuscles occupied could not be otherwise filled, and hence 
if the Hquor sanguinis could be drawn off in a great measure from 
a very thin layet' of blood the red corpuscles would become applied 
to these bodies, and so form a new surrounding, which would ren- 
der their presence obvious. This plan, when properly carried out 
in detail, as explained below under the heading of ** The packing 
method," is most successful, for it displays both the size and 
number of these hidden corpuscles by a simple mechanical 
arrangement, which involves no alteration of the blood or addi- 
tion of any foreign substance or re-agent to it, and allows of 
its examination within a few seconds of being shed. By the 



♦ Ordinarily these corpuscles are more limpid than the red ones, 
and are indented by them, as seen in Photographs 9 and 12, Plate HI. : 
Bometimes they even run in finger-like processes between the red cor- 
puscles as a liquid might do. Examples of this may be seen in Photographs 
16 and 16, Plate IV. When they retain their circular outline and indent 
the red corpuscles it is probably owing to their having effected adhesion 
to the slide or cover glass. 
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methods which follow the existence of these corpuscles may be 
fully demonstrated.* 



METHODS OF EXAMINATION. 

BY PACKING. 

From a number of thin cover-glasses a slightly convex one 
is selected by ascertaining that one surface (the convex) gives 
by reflected light a sharp image of the window bars, or 
gas-light, and the other a blurred and indistinct one. This 
cover is strapped, with its convex- surface downwards, upon a 
microscopic slide, so firmly as to produce a series of Newton's 
rings of an elongated form {vide Plate I., Fig. 1). Two objects 
are gained by this arrangement. 

1. The glasses are everywhere in such close proximity 
as to admit the corpuscles flatways, and in single layer only. 

2. In the part occupied by Newton's rings the proximity 
is much less than xry.JTjry^^ ^^ ^^ inch, and thus presents a 
bariiei' to the passage of the corpuscles, whilst allowing free 
passage to the liquor sanguinis. By this means the corpuscles 
are kept in the part marked A, whilst the liquor sanguinis 
is filtered off into B. 

This packing of the red corpuscles in part A causes them 
to mould themselves around the invisible bodies present. 

On Plate II., Photograph 3, is represented a specimen of 
blood from which the liquor sanguinis has been partially 
withdrawn by the method just described. The dark masses 
in this specimen consist in some cases of single deformed 
or indented red corpuscles, and in others of several such corpuscles 
fused together. Many of these masses will be seen to be bounded 
by concave depressions and if some of these concavities are 



* The photographs illustrating Parts I., II., and III., Section I., are 
from specimens magnified 476 diameters, and those of Part IV. 
500 diameters. The true relative sizes are therefore preserved. The 
actual size of any object may be obtained by measurement with the 
micrometer, Plate IX., Fig. 48, which is divided into 10 and 20,000ths 
of an inch. 
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carefully examined it will be observed that they are due to 
the presence and influence of certain circular bodies, which 
are either pressing into the red corpuscular masses, or forming 
a basis around which these masses are applying and adapting 
themselves. The latter view is probably the correct one, 
inasmuch as the red corpuscular masses may often be seen 
to swim freely about in the liquor sanguinis, still retaining the 
curved outhnes, and fitting into these curved outlines delicate 
and nearly invisible corpuscles may be sometimes detected. 
This being so, it is fair to consider that the concavities in 
the cases where no corpuscles can be seen are also produced by 
the presence of others which are still less visible. The 
photograph just described represents, as stated, partial with- 
drawal of the liquor sanguinis. If this liquid is more perfectly 
removed we get such specimens as are represented in Plate 
II., Photographs 4 and 5. Here the whole of the dark part seen 
between the invisible corpuscles is formed of red corpuscles 
closely massed together, and by this means the spaces in which 
the invisible corpuscles lie are rendered obvious, and although 
the blood may be said to swarm with these corpuscles they 
escape observation, because their colour and refractive index 
coincide exactly with ftiat of the liquor sanguinis. 

In Plate II., Photograph 5, the packing is less complete, 
and the individual red corpuscles forming the dark background 
can be detected. 

BY ALTERING THE REFRACTIVE INDEX OF THE LIQUOR SANOUINIB. 

If we place upon the tip of the finger a minute drop of 
saturated solution of salt, and prick through it, so that the 
blood may flow directly into the saline solution, the refractive 
power of the liquor sanguinis is modified, and it is foimd that 
if we run this mixture of salt and blood between glasses pre- 
pared according to the packing method before described, we can 
then see the outlines of these colourless, circular bodies where 
they lie in contact with each other, and we find that many of 
the clear spaces which have hitherto been supposed to consist 
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of liquor sanguinis only, are really occupied by these colourless 
discs, as seen in Plate 11., Photograph 6. After a time speci- 
mens thus prepared become tinted with hsemoglobiii, and this 
stains the edges of the colourless discs, and renders them still 
more apparent, as in Plate III., Photograph 7. 

BY ISOLATION. 

From what has been said, it is obvious that these corpuscles 
cannot be properly examined so long as they remain submerged 
in the normal liquor sanguinis ; it is therefore necessary to 
devise some means by which they can be freed from this Hquid, 
and at the same time isolated as much as possible from other 
corpuscles. Numerous obseiTations having pointed to the fact 
that the adhesiveness of the blood corpuscles to foreign sub- 
stances, e,g,, glass, was inversely as their degree of colour, this 
was taken advantage of as a means of separating them from 
the Hquor sanguinis and from each other. 

The kind and character of the corpuscles withdrawn will 
in great measure depend upon the length of time the blood is in 
contact with the glass. 

Capillarity is the principal means that has been employed 
to get rid of the main body of the blood. Thus cover-glasses of 
various and often considerable sizes were used, and these, in 
some cases, were firmly strapped down at hoik ends, with good 
adhesive plaster, to a sHde having a hole drilled in the point of 
intersection of its diagonals. The blood could then be intro- 
duced at the central hole, or at the circumference of the cover- 
glass near to the hole ; then, by carefully springing up the cover- 
glass, by introducing a tightly-fitting wooden plug into the hole, 
the blood can be made to recede by capillarity into another part 
of the arrangement, leaving the adhering corpuscles free for 
examination. Instead of the plug, a fine screw working in a bush 
was sometimes used, for by this means the blood can be removed 
more gently, and also be allowed to return again over the 
adhering corpuscles, permitting an opinion to be formed as to 
their degree of visibility, etc., when so submerged. This plan 
has the decided advantage of being perfectly imder control, and 
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therefore more gentle and gittdual in its operation. {Vide 
Plate 1., Fig. 2.) 

On other occasions cover-glasses were strapped down at one 
end only, forming a kind of hinge, which permitted them to be 
raised by the screw, or otherwise, from the opposite end, and the 
excess of blood would then flow by capillarity to the other, from 
whence it could be removed by blotting paper, and the adhering 
corpuscles retained for examination. {Vide Plate I., Fig. 8.) 

Another method of getting rid of the main quantity of 
blood was, to insert a straw or quill into a hole drilled in the 
glass slide, and either to forcibly blow the redundant blood into 
another part of the covered space, or suck it from the circum- 
ference towai'ds the centre. In some cases, when it was sought 
to isolate corpuscles that had as yet attained little or no colour, 
and which are apt to spread themselves down almost inmiediately 
on the glass and become lost to observation, air that had 
first passed through dilute solution of osmic acid, and subse- 
quently through chloride of calcium was used. When 
displacement of the blood was effected by blowing, the 
arrangement depicted in Plate I., Fig. 4, was adopted, but when 
by suction, the rubber ball was replaced by the mouth. 

When such methods are employed in their simplest form 
groups of corpuscles are found to be adhering to the cover 
glass and slide, of the character seen in Plate III., Photograph 8. 
These mosaic groups appear to form while the corpuscles are 
still submerged in the liquor sanguinis. They result from 
cohesive attraction, operating in a progressive manner, as 
explained by the Author in his papers on the formation 
of rouleaux and on the passage of the corpuscles through the 
vessel walls.* 



* A consideration of the causes of various phenomena of attraction 
and adhesion in solid bodies, films, vesicles, liquid globules, and 
blood corpuscles. — Proceedings of the Boyal Society, Loudon, 1862. 
Aggregation of the blood corpuscles both within and without the vessels 
(rouleaux). — Proceedings of Royal Society, London, 1869. Principles 
concerned in the extrusion (without rupture of the vessels) of the 
morphological elements of the blood (so-called emigration of corpuscles). 
— Proceedings of Koyal Society, London, 1871; Transactions of St. 
Andrews Graduates' Association, 1871. 
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The action may readily be imitated by smearing a little soap 
solution upon a glass plate, and producing minute bubbles with 
the aid of a capillary tube. The bubbles will be seen to arrange 
themselves in groups, with flattened facets, just as the corpuscles 
do. In the case of the latter the action is due to direct 
cohesion, while in the former it is owing to capillarity (double 
or indirect cohesion). It will be noticed that when one of the 
minute bubbles burst the others are immediately drawn up, 
and the whole group undergoes rearrangement, so that no 
vacant space is allowed to remain. It has been observed that 
a precisely similar thing occurs with these blood groups, and 
that the invisible corpuscle is the one which by falling into a 
liquid state, and spreading itself on the glass slide, yields up its 
place to the more stable ones. This sinking down of some of 
the more dehcate corpuscles and the rearrangement of the more 
stable ones, occurs with such rapidity, that it is only by having 
the groups under the eye at the moment that the liquor san- 
guinis is removed from over and around them, that it can be 
seen. A moment later all is quiet, and there is nothing to 
excite the least suspicion that such an important modifica- 
tion has occurred. 

The first corpuscles to attach themselves to foreign bodies 
such as glass, are the uncoloured, and very slightly coloured, 
smooth corpuscles, the invisible corpuscles of the blood. But 
these are easily overlooked ; for they are so delicate and fragile, 
that when they do not melt down, so to speak, they almost 
invariably break up into molecules or spheroidal granules, 
however gently the main quantity of blood may be withdrawn 
by capillarity from off and around them, Le,, however 
carefully the glasses may be separated from each other. Another 
mode in which they frequently elude observation is by adhering 
and fusing together so as to form delicate films upon the slide and 
cover-glass, and they often seem in this way to furnish a basis of 
adhesion for the more coloured corpuscles ; for mosaic groups of 
these are constantly found to have a delicate layer formed of 
the uncoloured corpuscles beneath and around them. 
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On Plate III., Photographs 9, 10, 11, 12, and 18, show 
groups of corpuscles which have been withdrawn from the 
blood by means of their adhesiveness to sohds. Among them, 
the corpuscles in question may be seen. In Photograph 9, 
five such may be counted, and in Photograph 10 there are three 
which are blending into a smooth mass, and five others which 
possess some colour. Photograph 11 is a group in which four 
corpuscles have already blended into a smooth mass, and in the 
upper part of the specimen a similar mass shows a tendency to 
granulation. 

Photograph 12 shows the new corpuscle in an isolated 
state, and also masses resulting fr*om their fusion, some of 
which have become granular. 

Photograph 18 shows numerous isolated invisible corpuscles, 
some of which exhibit faint traces of colom*. All these 
specimens were obtained by the plan of separating the glasses 
gently by the use of the fine screw, as depicted in Plate I., 
Fig. 8. 

BY OSMIC ACm VAPOUB AND COLD. 

As in some of the examples yielded by the previous 
methods there appeared to be indications that the nm-mal form 
of the transparent colourless corpuscles was that of the un- 
altered red corpuscles, viz., a biconcave disc, it was decided to 
attempt the preservation of their true form by separating the 
glasses over a shallow pan filled with the vapour of osmic acid, 
it being well known, as pointed out by Schultze, that this 
vapour possessed the property of preventing change in the 
form of the red corpuscle. The series of Photographs 14, 16, 
and 16 on Plate IV. were obtained by this method, and are 
remarkable groups for displaying the fact that corpuscles exist 
of every gradation of tint, from those which are perfectly 
colourless to the fully coloured red disc. In Photograph 16 
we have also evidence that the corpuscles which are freest from 
colour possess in their original state a biconcave form. The 
most decisive results, however, as to the biconcave form of the 
new corpuscle have been obtained by the use of cold and osmic 
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acid vapour in conjunction. The slide with the hinged cover 
glass (vide Plate I., Fig. 8) is wrapped up in blotting paper, 
and placed between two blocks of ice, and allowed to remain 
till it has attained the ice cold temperature. It is then un- 
wrapped, and the finger having been previously pricked, the 
blood is allowed to run in under the cover-glass before any 
condensation of moisture upon the slide has had time to take 
place. The slide is immediately placed face downwards over 
the osmic acid pan, and the glasses gently separated by the 
screw. The form of the new corpuscle can thus be perfectly 
preserved, as seen in Plate IV., Photographs 17 and 18. 

BY ALCOHOL AND SOLUTION OF OSMIC ACID. 

The use of the vapour of osmic acid having proved so valu- 
able as a coagulant in securing the presence of, and arresting 
the changes in, the invisible corpuscle, other vapours and 
substances were used, and among the rest, alcohol. Some very 
successful specimens were obtained by means of this agent. 
The method consisted in the use of one of the hinged cover- 
glasses before referred to. Absolute alcohol was introduced 
between the cover-glass and slide tiU the space was filled, then 
a drop of blood from the end of the finger being placed at the 
edge of the cover-glass readily finds its way between the glasses, 
and mixes with the alcohol. After a short time, the glasses 
being separated by means of a screw, groups of corpuscles are 
found attached to their surfaces, and in and around these groups 
numbers of the invisible corpuscles were to be seen. Such 
groups are seen in Plate V., Photograph 19. A keen sight may 
detect in every part of the background of the photographs of 
such specimens faint dark lines : these indicate the existence 
of a layer of phantom corpuscles which have become fased, and 
have spread themselves out in a dehcate fibrin-like layer upon 
the glass. By using a two per cent, solution of osmic acid in 
the same manner as alcohol in the previous case, they may be 
much more fally preserved, and then by protracted staining 
they can be brought into view, as in plate V., Photo- 
graph 20. This specimen underwent prolonged staining 



10 Db. Nobbis on Mammalian Blood. 

■ 

with alcoholic solution of aniline brown, and a complete 
background of corpuscles which were previously invisible 
was thus brought into view. The corpuscles themselves 
have not taken the stain, but it appears to have pene- 
trated into the interstices between them. Plate V., Photograph 
21, is from a similar specimen, but shows, in addition, that prior 
to the arresting action of the osmic acid many of the invisible 
corpuscles had become already fused into liquid masses, which 
appear to adhere to and surround the more coloured corpuscles. 
In many cases the invisible corpuscles are still sufficiently 
distinct and intact to show that these '' fibrin or plasmine pools " 
originate, from their fusion. There is reason to think that every 
part of the background of this specimen is covered with hquid of 
corpuscular origin. 

Plate v., Photograph 22, shows invisible and slightly 
coloured corpuscles in the act of spreading, fusion, and 
disintegration. It represents a still more advanced stage in 
plasmine formation. It will be noted that while the invisible 
corpuscles have refused the aniline brown the partially 
coloured ones among them have become deeply stained by it. 

BY SPBEADINa AND DBYING. 

Mammalian blood can be readily spread out upon a glass 
sUde, so that the corpuscles shall exist in a single layer only. 
The best method of ■ doing this is to take a strip of flat 
glass about three inches in length, and a quarter of an inch 
in width. The drop of blood being placed between the strip 
and the slide, at one end of the latter, the former is smoothly 
and slowly moved along the glass to the opposite end. It is 
interesting to observe the difference between the specimens 
of blood simply spread by the above method and allowed to 
dry spontaneously, and others in which the drying is 
accomplished artificially, as the spreading proceeds, by blowing 
large quantities of air upon it from a small blast-fan, or hand 
bellows. In the former the spaces between the corpuscles 
which represent the dried hquor sanguinis are clear and 
transparent, while in the latter case they are comparatively 
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* 

opaque and turbid, owing to the presence of the invisible and 
faintly coloured corpuscles. Some distortion of the corpuscles 
is produced by this method, but it has the advantage of 
allowing their relative number to be approximately estimated. 

Plate v., Photograph 28, shows the appearance when 
drying is allowed to take place spontaneously, and Photograph 
24 when it is expedited by blowing. In the latter case the 
fugitive corpuscles are prevented from meltilig down into a 
film of fibrin upon the -surface of the slide. 

There are two general principles by which these cor- 
puscles may be made visible while floating in the liquid 
of the blood. When we reflect that they have the same colour 
as the liquor sanguinis, it is obvious that substances having the 
power of tinting this liquid, but incapable of staining the cor- 
puscles, should render the latter visible. This is actually the 
case. The second principle is that of staining the corpuscles 
themselves more deeply than the liquor sanguinis. The corpuscles 
must, therefore, in this case have an afi&nity for the stain. 

BY TINTING THE LIQUOB SANQUINIB. 

Three-quarter per cent, solutions of sodium chloride charged 
with such substances as hemoglobin, caramel, and safEron, have 
been found most successful. In all these cases the invisible 
corpuscles appear, and remain as delicate, colourless bodies, 
contrasting strongly with the ordinary red discs. 

In this method, and also in that of actual staining, there 
should be no depth of liquid above or below the corpuscles, as 
this entii'ely obscures them. They are best seen when the 
glasses are so closely approximated as to actually compress 
them, and to increase their diameter when lying flatways, and 
as in such cases the layer of stained liquor sanguinis is less 
than 1 -10,000th of an inch in thickness, the staining fluid 
requires to have in the first instance the utmost intensity : if 
this is not the case, sufficient difference fails to be created. The 
slides should be prepared as for '' the packing method." 

In obtaining the specimens of blood for examination 
the following method should be adopted : — Place upon the 
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end of the finger a small drop of the staining fluid, and 
with a needle prick the finger thi'ough this drop, so that the 
blood may, when the finger is squeezed, flow directly into the 
liquid, which has the double property of both preseniruj and 
tintitig or staining^ as the case may be. After mixing well with 
the needle on the end of the finger, the blood may be allowed 
to flow by capillarity between the cover-glass and slide for 
examination. 

BY STAININa THE INVISIBLE GOBPUSCLE. 

The utmost caution is of course demanded in drawing 
conclusions after the addition of reagents of any kind to the 
blood. Such a method is always open to the objection that the 
reagent may produce that which is simply sought to be 
distinguished. This objection is met by the adoption of 
methods which show unequivocally that the corpuscles whioh 
take the stain are the self-same corpuscles as those 
which occupy the spaces that appear in the 'packing 
method.' Having once satisfied oui'selves that such cor- 
puscles — and such alone — take the stain, while the ordinary 
red discs refuse it, we have no difficulty in displaying and 
distinguishing the fwj^itive group of discs, and in demonstrating 
that essential chemical differences exist between these and the 
hcBmoghhin group, but that in this respect they gradually merge 
into each other. 

When a staining fluid is added to blood its first action is 
to bring into view the invisible corpuscles as delicate white 
bodies, which contrast strongly with the ordinary biconcave 
discs; these, then, become rapidly stained in the inverse order of 
their colour till a limit is reached, when no further staining 
occurs. As the corpuscles take up the dye they of course become 
again invisible, because they assume the same colour as the 
tinted liquor sanguinis. After some time has elapsed they, 
however, reappear, having acquired a stronger tint than the 
liquid which surrounds them. 

The subject of staining is one of such great importance 
both as to differentiating these corpuscles firom the red ones, 
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and also in tracing their origin, that it has been deemed 
desirable to devote Section III. specially to its consideration. 

From the observations I have here recorded I consider that 
two conclusions are justifiable, — 1st, That there exist in the 
blood of mammalia, in addition to the well-known red and white 
corpuscles (vide Plate II., Photographs 1 and 2), colourless, 
transparent, biconcave discs of the same size as the red ones ; 
2nd, That between these two kinds of biconcave discs others 
are demonstrable, having every intennediate gradation of colour. 

The on^n of these new corpuscles is treated of in the 
second part of this Section. 



Part II. 

On the Origin of the Colourless Biconcave Discs of Mammalian 

Blood, 

The existence of these colourUss hicoiicave discs having been 
demonstrated by a variety of methods, and their number shown 
to be considerable, it becomes important to ascertain their 
source. 

Three conjectures appear to be admissible. Ist, They may 
be regarded as red corpuscles which have become decolourised 
during the mere act of shedding the blood. 2nd, They may 
be considered as representing stages in the dissolution of the 
red disc. 8rd, They may be biconcave corpuscles which are 
destined by acquiring colour to become converted into the red 
discs. 

Against the view that they are corpuscles which have lost 
their hflemoglobin in the brief interval (a few seconds) between 
the shedding of the blood and its examination, it may be urged, — 
1st, That they are obtained in greatest perfection when those 
measures are adopted which tend to preserve the blood from 
change, Le,, cold or osmic acid. 2nd, They may be seen imme- 
diately the preparation is made (packing method) and before the 
liquor sanguinis has become stained, and they do not increase 
in number as time elapses, drd, Assuming the red corpuscles 
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to lose heBmoglobin, the loss must occur in such a manner as to 
furnish corpuscles exhibiting all gradations between a colourlesM 
and a full red biconcave disc. If, therefore, we start with the 
idea that the corpuscles originally are all coloured, their 
decolourisation in this graduated mannei' would of itself indicate a 
difference in nature. 4th, If a three-quarter per cent, solution 
of salt be saturated with hssmoglobin, and a drop of this be 
placed upon the end of the finger, and the latter be pricked 
through the drop so that the blood may come at once into con- 
tact with fluid saturated mth hffmoglolmh the colourless discs are 
still present as usual. It is obvious that these are not conditions 
favourable to the yielding up of the colouring matter. 6th, 
When first brought into view by the method of altering the 
refractive index of the liquor sanguinis, many of these cor- 
puscles are of a pure white colour, but they gradually become 
stained by the haemoglobin discharged by the red corpuscles. 
(Vide Plate II., Photograph 6, and Plate III., Photograph 7.) 
It is impossible to suppose that they first yield up the xcliole of 
their colouring matter, and then subsequently take it up again. 
6th, Finally, the general behaviour of these corpuscles after 
the blood is shed, their tendency to break up into granules, to 
lay themselves down as delicate films, to form networks ; in a 
word, their fibrin-forming property is totally opposed to the con- 
ception that they were once red discs.* 

The second conjecture, that they are red discs which have 
lost their colour as a preliminary step towards dissolution, has 
no fficts to lend it support, while it is easy to show the 
existence in the blood of dark red granules, to which it is 
difficult to attach a meaning, unless we regard them as red 
corpuscles undergoing disintegration. These often occur in 
masses as in Plate VI., Photograph 26 ; but the same disin- 
tegrating action may be traced in single corpuscles. 

The third supposition, that they* may be biconcave discs 
which are gradually assuming colour, and which, therefore, 
exhibit every gradation of tint during their transition stages, 

♦ Vide Section II., Page 41. 
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necessarily involyes the consideration of the existence of a 
sotii'ce, internal or external, from which the blood can be 
continually supplied with the large numbers of colourless 
biconcave discs which are seen to be present in it. We are 
thus naturally brought to the consideration of the morphological 
elements found in and derived from the lymphatic glands and 
spleen. 

LYMPH AND SPLENIC COBPUSGLES. 

It is desirable, in the first place, to state that all observations 
made on the corpuscles of the glands and spleen are untrust- 
worthy and comparatively worthless unless made almost imme- 
diately after the removal of these organs from the body, and 
while they are still imrm and fresh ; for typical and unchanged 
examples of splenic and lymph corpuscles can only be obtained 
directly after death, or by the method of immediate and rapid 
freezing. 

This fact has not to my knowledge been previously urged, and 
it will, I believe, account for many of the contradictory state- 
ments made by different investigators respecting the nature of 
the glandular and splenic pulp. 

The changes of which these bodies are susceptible may be 
described as Enlargement, Aggregation, Fibrillation, Spreading, 
or Lamination. 

Enlabgement. — Soon after death the lymph and splenic 
corpuscles undergo change both inform and size. The average 
diameter of the lymph and splenic corpuscles of the bullock, pig, 
and sheep, when obtained from warm glands or spleen, or glands 
and pieces of spleen which have been frozen, is 4-20,000ths of an 
inch. These measurements were always made upon examples 
which were free from the disposition to aggregate or spread — 
vide Plate VI., Photographs 27 (lymph) and 28 (splenic). As 
the organs cool (especially is this the case with the spleen), the 
corpuscles undergo change of form and increase in size, attaining 
diameters of 5, 6, 7, and 8-20,000ths of an inch, the average 
being about 6-20,000ths of an inch. What this spontaneous 
increase of size is due to is not very apparent, but we know 
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that any alteration made in the environment of these bodies is 
attended with important changes of this kind. If, for example, 
we add one per cent, solution of sodium chloride to the fresh 
splenic corpuscles of the pig they swell up, and appear to 
gain greater smoothness, and to display considerable body. 

The behaviour of the lymph corpuscles when treated with 
water is also remarkable. They often swell up into globular 
masses, having diameters of 15-20,000th8 of an inch. This 
property was well known to Hewson. Plate VI., Photograph 29, 
shows spontaneous enlargement; Plate VI., Photograph 80, 
after addition of one per cent, saline solution ; and Plate VH., 
Photograph 81, after addition of water. The highly swollen 
corpuscles in this specimen were so faint that it was necessary 
to stain them, hence their dark colour in the photograph. 

Aggregation. — These corpuscles readily coalesce with each 
other, forming lai*ger masses. These may be distinguished from 
merely swollen states by their superior density or opacity ; some- 
times they coalesce to such an extent as to form a thick liquid, 
which will stream down the slide. Examples of their aggre- 
gated states may be seen in Plate VII., Photographs 82 and 88. 

Fibrillation. — The corpuscles frequently adhere to each 
other and become extended into fibres, as in Plate VII., 
Photograph 34. 

Spreading and Lamination. — Some of the corpuscles 
frequently spread, coalesce, and melt down upon the glass into 
a continuous soft film, to which others, less susceptible to this 
action, adliere. Plate VII., Photograph 85, represents this 
condition. 

The singular manner in which these simple structures 
behave, both in relation to each other and to the surfaces with 
which they are necessarily brought into contact, when submitted 
to microscopic examination, indicates that they are very little 
removed in their essential nature from liquids. They appear, in 
fact, to occupy an intermediate position between limpid liquids 
and pasty solids, and may, according to their suiTOundings, 
exhibit phenomena which belong to either one or the other 
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condition, and hence they sometimes lose all differentiation of 
parts and act precisely like liquid substances. It is this 
behaviour which renders it so difficult to arrive at their true 
form and constitution. 

The general hquid character of these corpuscles may be 
judged of by the disposition which they display to coalesce, to 
spread, or lay themselves down into soft films, which sometimes 
run like a treacley liquid. (Vide Plate VIII., Photograph 87.) 

Varying degrees of liquidity, however, exist among them, 
for some have a much greater power of retaining their shape 
than others. The same variation in behaviour is also seen with 
reagents. 

The corpuscles most prone to change are the oldest 
or most developed. This, it will be noted, is precisely 
opposite to what occurs with the blood corpuscles. 

The lymph and splenic corpuscles are constantly spoken of 
as globules, and are generally held to be spherical in form. This 
has arisen from the difficulty connected with ascertaining their 
real form, and from their proneness like the blood disc to change 
and assume the globular shape. In their normal state they are 
discoid bodies, with numerous slight irregular depressions upon 
their plane surfaces, which give to them their granular or cor- 
rugated appearance. Having a specific gravity slightly less 
than the Hquid in which they exist they invariably float, as cork 
discs would do, with their plane surfaces uppermost. 

Occasionally, by dexterous pressure upon the cover-glass, 
they may be made to turn over, and their true form is revealed. 
This can rarely be done. Their discoid form can, however, be 
determined by indirect methods, one of which is as follows : — 
Ascertain by the micrometer the average diameter of a number 
of these bodies, to be as usual from 4 to 5-20,000ths of an 
inch, and then take a slide arranged as in the method for packing, 
which will only allow blood corpuscles to pass in flatways. If 
the lymph corpuscles pass between these glasses without 
material increase of diameter they must be regarded as discs. 
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They may also be rendered irregularly splierical by means 
of a two per cent, solution of salt. They then become smaller in 
diameter, and roll over easily, and appear very like blood cor- 
puscles which have taken on irregular cup- shaped forms. ( Vule 
Plate Vin., Photograph 88.) 

As before stated, these corpuscles when unaltered are 
discoid bodies, with numerous slight irregular depressions, which 
give a granulated appearance to their plane surfaces. These 
depressions appear to be the commencement of the process or 
operation by which the disc is eventually rendered biconcave ; 
for if the specimens of lymph are preserved for a time under 
sealed cover glasses they may be seen to undergo conversion 
into biconcave discs, and the transition stages of the process 
may be watched. 

This property of becoming biconcave appears to belong to 
the corpuscle as a physical substance^ rather than as an anaUrfnical 
structure, because part of the corpuscle will become smooth and 
regularly biconcave, while the other part still retains the 
character and appearance of a lymph corpuscle ; hence we have 
the instructive spectacle of one part of the same corpuscle 
having the character of a colourless biconcave disc, and the 
other that of a comparatively unaltered lymph corpuscle. {Vide 
Plate Vin., Photograph 89.) 

The fact, too, that biconcave discs can be artificially 
produced by placing certain colloid substances in the proper 
relation to each other is a further argument in favour of 
this view. ( Vide Plate VIII., Photograph 40.)* 

This capacity of the lymph and splenic discs to undergo 
conversion into smooth colourless biconcave discs seems to 
point definitely to the source of the colourless biconcave discs 
found in the blood. The reader will, however, find this aspect 
of the subject treated in much greater detail in Sections V. 
and VII. 

* For further information on the causes of biconcavity the reader 
is referred to Fart lY. of this Section.. 
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CoAfPARISON OF THE LyMPH, SpLENIG, AND WhITE BlOOD 

Corpuscle. — A great deal of conflicting statement exists as to 
the relation which these bodies bear to each other. 

Many writers speak very loosely of the identity of the 
lymph and splenic corpuscles with the white blood corpuscle. 
Others are more critical, and claim that important distinctions 
exist between these bodies. Professor Gulliver is among the 
latter, and says: ** The globules of the chyle, of the thymus 
fluid, and of lymph, are smxiller, and differ in structure from the 
pale globules of the blood. In these last there are two, thr^e, 
or four nuclei, easily seen when the envelope is made more or 
less transparent or invisible by acetic, sulphurous, citric, or 
tartaric acid. But the globules of chyle, of lymph, and of 
the thymus fluid, like the nuclei of the red corpuscles of the 
blood,* are only rendered more distinct and slightly smaller by 
any of these acids, so that the central part presents no regular 
nuclei, or divided nucleus, such as are contained in the pale 
globules of the blood. In short, these last named globules 
have the characters of perfect elementary cells, while the 
former globules resemble and probably are nuclei or immature 
ceUs." 

Gray also speaks of the splenic corpuscle as a nucleus. 

No one can compare Photographs 27 and 28, Plate VI., 
with Photograph 2, Plate II., without being astonished that 
bodies so essentially unlike in size, fornix and colour, should have 
been so confounded. 

1st. The lymph and splenic corpuscles are discs, having a 
diameter varying from 4-20,000ths to 5-20,000ths, and a thick- 
ness of about l-10,000th of an inch. 

2nd, The white blood corpuscles are sphe^-es, having a 
diameter varying from 6 to 10-20,000ths of an inch. 

8rd. The lymph and splenic corpuscles consist of small uni- 
nuclear corpuscles, and of free disc shaped nuclei, and it is the 
latter only which enter the blood to any extent in health. 

* The nucleated corpusole of the lower vertebrates is here referred to. 
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4tb. The white blood corpuscle has from one to four or even 
five nuclei, 

5th. The lymph and splenic discs can become spherical ; 
bat they then have a still smaller diameter. 

6th. The white corpuscle is whiter than the Liquor San- 
guinis,* while the lymph disc at the time it enters the blood is 
of the same tint as this liquid. 

The relation which subsists among these bodies is much 
more exhaustively discussed in Sections V., VI., and VII. 



Part IH. 

The Granule Sphere f KnmerkiigelnJ , 

In Pfluger's Archives for November, 1875, will be found a paper 
by Alexander Schmidt, in which publicity is given to certain 
observations made on the blood by Semmer. This investigator 
examined microscopically the plasma of horses' blood which had 
been prevented from coagulating by means of cold, and arrived 
at the following conclusions : — 

1st. That there exist in the plasma of horses' blood whioh 
has been allowed to subside at an ice-cold temperature, yellow 
and red granule balls or corpuscles (rothe Kornerkugeln) which 
are considerably larger than the ordinary colomiess corpuscle 
of the blood. 

2nd. When kept for a few hours ** these corpuscles dis- 
integrate into white granular heaps " (farblose Komerhaufen). 

3rd. When these granule balls are treated with COj the 
red granules partly disappear, and a colourless nucleus becomes 
visible. 

Under this treatment, when complete, the red granules 
entirely disappear, and a white or yellow nucleus is visible. 

4th. Water acidulated with acetic acid causes the nucleus 
sometimes to be extruded. 

* This effect seems to be mainly due to the different relations whioh 
a granulated and a smooth surface bear to light. It may be illustrated 
by ground and smooth glass. 
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5th. Acetic acid causes the red granules to agglomerate in 
the centre, whilst a homogeneous white border becomes visible. 

6th. The red granules have disappeared, and a yellow 
nucleus lies in a finely granulated colourless mass, clearly distin- 
guished from the homogeneous border. 

7th. An analogous action occurs with the frog's blood 
corpuscle. Under the action of acetic acid the nucleus becomes 
completely covered with yellow granules. Later on the smooth 
and yellow nucleus lies within the colourless cell wall. 

It is suggested by Semmer that these granule balls or 
spheres occupy an intermediate position between the ordinary 
white corpuscle and the red disc, that they are, in fact, the 
transition stages in the development of the red disc. 

It is assumed, therefore, that they exist in perfectly freih 
blood, Le,, in blood circulating in the vessels, but disappear 
immediately when the blood is shed, going in some way to form 
fibrin. 

It is further assumed that shed blood which has been 
prevented from coagulating by cold may be regarded as fresh 
blood, and may be held to represent the conditions which obtain 
in the vessels. 

In Semmer*s method some time is allowed for the red 
corpuscles to sink, so that the upper stratum of plasma 
containing a few corpuscles only may be taken for examination. 

The question arises, can blood thus obtained and treated 
be taken as normal ? Is the fact that coagulation is prevented, 
to be taken as proof that wo changes occur in the corpuscular 
elements ? 

It is obvious that blood may be examined earlier than by 
the method of Semmer, with the same precautions, and under 
still better conditions. This niay be done by fastening a slide 
with attached cover to a small block of ice, and then pricking 
the ear of the horse, or the human finger, bringing the blood 
at once in a thin layer under the infiuence of cold. It may 
then be examined on the '' cold stage ''* of the microscope. 



* The ordinary warm stage traversed by ioe-oold water. 
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In htrses* blood thus obtained tliere is never to be seen 
nnytliin|r lK>HidcH the onlinai^ red and wbite coi-puscles, nnlesa 
tlie prIaHsofl arc prepared accoi-ding to the ' packing method/ when 
the invisible and slif^'litly coloured coii)UBcleB are also rendered 
obvious. 

When human blood is examined on the *' cold stage ** of 
tlie microHcoiK), the necessary precautious being taken to bring 
down the tcmpci'atnrc of tlie slide and cover to zero before 
introducing' the blood,.! iind that the transition corpusoles are 
exceedingly well preserved ; but no bodies can be seen of the 
nature of granule balls. 

Altliough the younger corpuscles ai-e by these methods 
liroHcrvod from melting down they have a great tendency 
imparted to them by the cold to break up into granules, and it 
is of these aggregated gi'auules that the granule balls are 
com^iOHcd. 

Plate IV., Photographs 17 and 18, represent specimens of 
iiuman blood which were subjected to the ice-cold temperature 
immediately tlie blood left the vessels. They furnish very good 
examples of the breaking up of young coloured corpuscles into 
large granules. 

The nucleated appearances obsei*ved in these granulated 
spheres, when they arc treated with acids, have a peouliar 
interest in connection with the physical and chemical con- 
stituents of the biconcave discs. 

These appearances may be studied in Plate IX., Photograph 
47, in which the effects produced by acid on biconcave disos 
possessing various degrees of colour may be seen. That these 
corpuscles appear to be nucleated cannot be doubted, yet there 
ore other ways of viewing such results. 

The facts are briefly these : — A colourless disc acquires 
colour (jradxially by the transfomiation of some of its substance 
into hsBmoglobin. Till such time as it is wholly converted into 
haemoglobin (assuming such to be possible) it will consist of two 
substances ; the substance of which the colomiess disc is com- 
posed plus lifiBmoglobin ; the younger the coi-puscle the greater 
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the amount of unaltered white stihstance present. The hsBmoglobin 
may either be superficial or diffused throughout the mass. 

When the corpuscle is only in part conveiiied into haBmo- 
globin, the white and yellow constituents may become separated 
from each other, and thus give rise to various appearances; 
among others, to that of a nucleated cell, as seen in Photo- 
graph 47. 

It is in this way that the so-called nucleated cell obtained 
by the action of acid on the granule spheres, described by 
Semmer, is produced. 

When blood is allowed to coagulate the granule balls of 
Semmer mainly disappear, being simply the more coloured 
coipuscles of the fugitive group. They melt down into fibrin 
without undergoing gi-anulation, but when by the use of cold 
this is prevented, they undergo granulation and show themselves 
as coloured granule spheres. When the corpuscles first break 
up these granules are colom-ed, but they subsequently, i,e,y in 
** a few hours,'* give up their colour to the liquor sanguinis and 
appear white. 

It is a curious fact that the separation of these granules 
does not reveal any nucleus, which it should do if such a body 
exists as a separate and distinct structure. 

The nucleated appearance is in all cases due to reagents, 
and to reagents which I have shown to be capable of producing 
the same appearance in the ordinary red corpuscle. 

The so-called nucleus thus brought into view is stated by 
Semmer to be sometimes of a yellow tint, and to become 
extruded ; and it is inferred that this extruded tinted mass is the 
initial stage of the red corpuscle. No explanation as to how or 
when it acquires biconcavity is afforded. 

The yellow tint is a mere stain imparted by hsBmatin, which 
has become dissolved in the acid, and is not a genuine develop- 
ment of colouring matter. This is proved by one of Semmer's 
own experiments, in which the fi'Og's corpuscle being treated 
with acids the nucleus becomes tinted. The two cases are 
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analogous ; but while one might be made to suppoi-t a theoiy , the 
other would be mthout physiological meaning. 

From what has been said it is obvious that tlie accui'ate 
obseiTations made by Semmer when properly interpreted lend no 
support whatever to the theory which regards the ordinary 
white corpuscle of the blood as the precursor of the red disc. 

Summary. 
The views of the development of the blood indicated by 
the present research may be thus briefly summarised : — 

1. — There exist in mammahan blood numerous coi-puscles 
which are incapable of being seen by the microscope, not 
because of their |^mmuteness, but owing to the fact that they 
have the same refractive index and colour as the liquor nanguinis 
in which they are submerged. When brought into view and 
carefully examined by suitable methods they prove to be colour- 
less biconcave discs, and between these and the red discs, biconcave 
corpuscles possessing every (jradatUm of tint can be detected. 

When the fully developed elements of the lymphatic glands, 
spleen, etc., are examined with the same precautions for the 
preservation of their size and/on/i as ai*e necessary for the blood 
corpuscles, instead of being found to be identical with the 
ordinaiy white blood corpuscle, they prove to be discs of the same 
size as the red corpuscle which are yradually becominy biconcave, 

8. — As we know that these delicate and already scarcely 
visible bodies ai*e pom'ed into the blood in lai-ge numbers at the 
subclavian and splenic veins and ai*e hencefoi*th lost to view, it is 
not um'easonable to conclude that they are represented in the 
blood by the colourless biconcave discs before referred to, and that 
they become completely invisible by transference to a hquid 
having the same colour and refractive imlex as themselves, 
reappearing gradually as they gain sufficient hsBmoglobin to 
contrast with the liqitor sanguinis, and before this occurs they 
have fully perfected their biconcave form. 
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Part IV. 
On the Cause of the Bico7icave Form of the Mamnuilian 

Blood-corpuscle, 
In a recent contribution on the blood,* Prof. Rindfleisch 
has endeavoured to account for the biconcavity of the red 
corpuscles by mechanical considerations. He says : " The 
biconcave shape of the red blood corpuscle is dependent on the 
one hand on the original bell-shaped formt, and on the other 
on the rolling brought about by the blood current. This rolling 
is not at all a simple onward movement in one direction, but at 
the same time a mechanical modelling of the blood corpuscles 
by contact with firm or resistant bodies, which have the same 
influence in modelling their form as the grinding and mechanical 
contact to which stones are subjected has upon them while 
lying exposed in running water. No biologist can have over- 
looked the resemblance between so-called * roll stones ' and red 
blood corpuscles, those remarkable, regularly formed discs, with 
which, as a boy, he has tested the elasticity of the water. If 
bell-shaped bodies are made of putty, which must be very stiff, 
and they are rolled about in a bottle of water, then flat discs 
are formed, or (and this may appear more striking when we 
recollect the mechanical treatment to which a blood corpuscle 
is subjected in the stream of blood, through the simultaneous 
rolling against the wall of the blood vessel, and compression 
through impact in front) if we roll the bell-shaped form, at 
first gently, between the hollowed palms, and then compress 
the sides, a hollow ball is formed by the rolling, and the well- 
known meniscus by the compression. This treatment is not 
identical with the very simple formation of a biconcave form 
by compression of a ball of clay between the thumb and finger, 
^for in the former experiment the edges of the bell first join 

* " Ueber KhocheniUArk and Biatbildung." Von Dr. G. £. Bind- 
fleisoh, Professor in Wiirzburg. 

f For the meaning of the expression original bell^shaped form the 
reader is referred to Section VIII., " On the r61^ of the red bone marrow 
in blood formation.'* 
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like seams. (The shape of this seam reminds one strikingly 
of the appearance which the blood corpuscles exhibit when 
treated with a solution of alum, when it is on the point of 
taking its old bell- shape.) The biconcave meniscus is formed 
almost of itself, without much pressure, if care is taken that 
the air can escape freely from its interior. A thick-sided ball 
also forms on compression a biconcave meniscus, without any 
important derangement of even the smallest parts. In the 
case of the blood corpuscle the action takes place as follows : — 
The original bell is large, but of a soft, flaccid skin-like 
texture ; but it is not able to take on any particular form while 
it is in the crush of marrow cells, but when it gets into the 
stream of blood, its peculiar elasticity shows itself in such a 
way that it endeavours to attain the bell shape inherent in it 
from its origin. Then small, round, dark red blood corpuscles 
are formed, which are gradually rolled out to form the larger, 
flat biconcave discs."* 

The views here propounded as to the cause of biconcavity 
are, I think, too mechanical, and very unlikely to command 
general acceptance. It is stated that so long as these bodies 
are in the bone marrow, and are being pressed upon by sur- 
rounding structures, they cannot assume their normal shape ; 
but that when by passing into the blood-stream they become 
relieved from external restraint, they assume by means of their 
peculiar elasticity the bell-shape inherent in them, and notwith- 
standing the presence of this elasticity, it is argued that the 
rollings and impactions to which they are subjected convert 
them in the first place into globules, and in the second into 
biconcave discs. What becomes of their natural elasticity 
while this moulding and modeUing goes on we are not told, 
and yet it is obvious that only plastic substances, devoid of 
elasticity, like putty or clay, could be at all permanently 



• These considerations flow out of the theory put forth by Bind- 
fleisch that the red blood corpuscles are formed from the exterior matter 
of red nucleated cells, like those found so plentifully in the blood of 
the early embr} o. For my views on this point I must refer the reader 
to Section VIII. of this work, *• On the Bone-Marrow." 
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influenced by such processes. The power of taking on these 
biconcave forms really rests upon a physical law which is 
competent to act under favourable conditions, with much 
greater precision than any such irregularly operating mechani- 
cal forces could possibly do. 

Hunter and many of his contemporaries believed that the 
red corpuscles were liquid bodies, and there seemed nothing 
against this view so long as these bodies were considered to be 
spheres ; but the case was altered when it came to be found that 
then* normal form was not spherical, but discoid. 

After demonstrating in various ways their flat shape, 
Hewson expresses himself as follows : ^* These experiments 
not only prove that the particles of the blood are flat and not 
globulai-, but likewise by proving that they are flat they show 
that they are not fluid, as they are commxmly believed to be, but 
on the contrary they are solid, because every fluid swimming in 
another, which is in larger quantity, if it be not soluble in that 
other fluid, becomes globular. This is the case when a small 
quantity of oil is mixed with a larger quantity of water, or if a 
small quantity of water be mixed with a large one of oil; then 
the water appears globular, and as these particles are not 
globular but flat, they must be solid"* 

This reasoning was deemed conclusive, and the difficulty 
all along expeiienced has been, how to explain the flowing 
liquid-like properties of the corpuscle, and at the same time 
account for its retention of a peculiar form unlike that in which 
minute liquid masses are usually seen, and for the remarkable 
elasticity by which it returns to that form after disturbance. 
This was formerly sought to be explained by assuming the 
existence of a delicate, more or less restraining capsule, and 
more latterly by the hypothesis of a colourless, structureless, 
transparent, filmy £rame-work or stroma, which is supposed to 
become infiltrated in all parts with haemoglobin. 

This idea of a skeleton frame-work appears to have arisen 
with Eollett, who conceives that a stroma or matrix enters into 

* Essay on '* Bed Particles." Page 220, Hewson's Works. 
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the stiTLctui-e of the coloui-ed elastic extensible substance of the 
red blood coi-puscles, and that to this the foim and the peculiar 
physical propei*ties of the coi'puscles are due. It is supposed 
that the colouiiug matter can be separated from the stroma 
without causing the latter to lose its essential characters."^ 

Thudicum defines this stroma as merely a name for a 
substance which is supposed to give the blood coi-puscles shape^ 
and which remains when the other bodies are extracted, a kind 
of chemical skeleton, which seems to be very different from the 
albuminous matters combined in hsBmoglobin, for it is soluble 
in ether, alcohol, and chloroform, when these agents are 
dissolved in serum, f 

The blood corpuscles possess in a very marked degree 
extensibility and retractibility, properties which, when present 
together, constitute elasticity, and which arc most perfectly 
displayed by liquids having a certain degree of viscosity, tf.^., 
soap -films, etc.:[ If the form of the coi'puscle is due to a 
stroma, then these properties must necessarily reside in the 
stroma ; but as they are the properties of liquids as opposed to 
solids, we may fairly ask how is the possession of such 
properties by a stroma to be reconciled with its assumed power 
to coerce and maintain in a biconcave shape, a body, which we 
know can take on the form of a sphere, with so slight a modifi- 
cation of its surrounding as that produced by the mere act of 
shedding the blood. 

If the stroma were rigid enough to maintain the biconcave 
form of the corpuscle, in opposition to the sphere-forming 
energy of cohesion, its hquid-flowing character would certainly 
be resti'ained by the presence of such a framework. 

The extensibihty and retractibility of blood corpuscles is, as 
before said, that of liquids, and the elasticity of such a substance 



• Vide Page 408, Vol I., " Sticker's Human and Comparative 
Histology." Article on the Blood Corpuscles, by RoUett. 

f Vide Page 29, " Chemical Physiology." 

X Vide the Author's Inaugural Address to Birmingham Philoso- 
phical Society, 18 76. ** New Researches on Elasticity and Contractility.** 
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as caoutchouc is by comparison rigidity itself. If we could 
separate this substance into minute masses of the size of red 
corpuscles, they would, when submerged in Hquid, appear as 
absolutely rigid bodies. The small motor influences which are 
in operation in a specimen of blood, such as currents, impacts, 
etc., would not affect their form in the least. Even oil globules of 
the same size as the blood corpuscles are inextensible under 
such delicate influences, and if the so-called stroma was not 
more limpid than oil the corpuscles could not possibly display 
any elasticity. 

As before said, the elasticity of the corpuscles is peculiar 
to liquids, and even to comparatively limpid liquids, and there- 
fore this so-called stroma must be liquid — more liquid than oil — 
and hence could do nothing towards maintaining a specific 
biconcave form in opposition to cohesion. 

The fact that thehsBmoglobinmaybe dissolved out by aqueous 
liquids and a framework remain which requires for its solution 
the usual solvents of fats or waxes, is nothing whatever to the 
point. In what respect does this differ from the fact that a 
piece of annealed steel of any form may have the most elaborate 
designs engraved upon it, and then all the metallic iron be 
absolutely dissolved away, leaving both form and design per- 
fectly intact, but now no longer in steel, but in the carbon 
which was associated molecule for molecule with the iron ? * 
Have we not, too, the familiar example of bone from which 
either the -earthy or the gelatinous matter may be removed at 
will without destmction of form ? Shall we speak of the carbon 
stroma of the steel, and say that it was previously infiltrated 
with iron ? Clearly all that we have any right to infer from 
these chemical differentiations is, that substances soluble in 
water, and others soluble in ether, alcohol, etc., are in the cor- 
. puscle in the closest possible combination or association, 
molecule for molecule, and that the one may be dissolved out, 
leaving the other m. dtu to maintain the integrity of the form. 

* Vide the Author's paper on " Certain Molecular Changes in Iron 
and Steel during the separate acts of Heating and Cooling." — Proc. of 
Boyal Society, London, 1877. 
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The fact is that neither the view of the existence of a 
capsular membrane or of a stroma is at all necessary to the 
explanation of the biconcave form, and there does not appear to 
be any sound reason why we should not return to the view of 
Hunter and his contemporaries, and regard the manmial cor- 
puscles as liquid bodies. This we can assuredly do if we can 
show that the peculiar biconcave form they usually possess is 
consistent with liquidity. 

The idea that one liquid submerged in another, with which 
it is immiscible, must necessarily take on the globular form, 
has had its origin in the circumstance that our only illustra- 
tions of this phenomenon have been derived from the observa- 
tion of mixtures of oleaginous and aqueous liquids, and these 
invariably give rise to spherical forms. There are, however, 
certain general properties of organic substances in relation to 
each other which have hitherto been overlooked, and which 
will probably be found to have much to do with phenomena of 
this kind, and with the chemical and physical basis of organic 
development and growth. 

Both aqueous liquid globules and biconcave discs can be 
formed by a process which we may designate liquid precipitation. 
There are certain combinations of organic substances which, 
when in solution in water, possess such antagonistic relations to 
each other that they refuse to remain together in the same 
solution, and as a consequence the one for which the liquid has 
the greatest affinity will displace the other ; nevertheless the 
displaced substance will retain to itself a portion of the water 
in which it was originally dissolved, and as a consequence of 
this, it does not come down in a powdery amorphous form, but 
in the shape of liquid colloid globules or discs, as the Case may 
be, so that we get aqueous solutions of organic substances set 
free in an independent form in other such solutions, the one 
being immiscible with the other, just as in the case of oil and 
water. The one organic liquid bears, in fact, a formed or mor- 
phological relation to the other, and this relation may take on 
the chai'acter of corpuscle, fibril, or film. Which of these will 
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occur in aoiy particular case, will depend upon the degree of 
liquidity, or viscosity of the solution, which separates itself, or 
is precipitated. The ^corpuscular state is associated with the 
greatest degree of Hquidity, while the film and fibre are the 
products of a more viscous condition. If, for example, pieces of 
sheet gelatin be immersed in a cold ammoniacal solution of 
carmine, a certain portion of carmine unites chemically with 
the gelatin, as is proved by the fact that the reddened gelatin 
may receive subsequently a protracted washing and soaking in 
water without impaiiiing to the latter the least colour. By 
modifying the strength of the carmine solution or the amount 
of gelatin we may obtain gelatin containing a larger or smaller 
amount of carmine in combination. We will call this prepara- 
tion carmino-gelatin. By the aid of heat it may be dissolved in 
water, and if, after cooling, a little finely powdered gum acacia 
be dissolved by shaking in the same solution the carmino- 
gelatin comes down in the shape of minute liquid globules of 
tolerably equable size, which have a fair resemblance to spherical 
blood corpuscles, and float in a colourless liquid. It was 
also found that when gelatin was added to an alkaline 
solution of haematin it combined with it in the same manner as 
the carmine, and yielded a liquid globular precipitate on the 
addition of gum acacia. A similar result was found to take 
place with globulin. Portions of the crystalline lens were soaked 
in a solution of hsematin ; and this solution being thickened with 
gum acacia, transparent globules resulted as in the previous 
cases. The size of the corpuscles could be varied by the strength 
of the solution, the weakest solution producing the smallest 
corpuscles. In the previous cases the precipitated forms were 
globular ; but if powdered gum acacia be added to a solution of 
Nelson's Opaque gelatin, the opacity of which appears to be due 
to a finely-divided material allied to myelin, biconcave cor- 
puscles and biconcave granules are precipitated, such as are 
seen in Photograph 40, Plate VIII. These artificial discs 
appear to be formed of myelin, a substance which combined 
with globulin enters into the constitution of both lymph and red- 
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blood corpuscles. By treating lymph corpuscles with strong 
acetic acid the myelin may be made to separate and show itself 
in refractive annular masses. ( Vide Photogi*aph 41, Plate VEQ.) 
The remarkable properties displayed by myelin at once 
relieve us from the necessity of considering tliat one liquid or 
solution submerged in another must inevitably take on the 
globular or spheroidal state. The fact is, tliis substance appears 
to represent the extending or spreading-out tendency, as opposed 
to the gathering-up or sphere-forming property. The biconcave 
and the annular forms seem to be related to a kind of balancing 
of these two properties. These forms do not depend upon one 
condition alone, but on several, some of which rest m the body 
itself, and others in the sun*ounding medium. This is shown 
by the circumstance that the biconcave foim is capable of either 
being obliterated or intensified by alterations in the environ- 
ment. I do not wish for one moment to imply that blood or 
lymph corpuscles are originally formed in this manner ; on the 
contrai'y, I know them to be directly descended from cellular 
structm'es ; but I consider that aqueous relations such as those 
existing here must also be present in their case, and, in fact, in 
the case of young structures generally. Were it not so I can 
conceive of nothing but their immediate solution and disappear- 
ance. It is by some such relations as these that bodies so 
liquid-like in their character are able to preserve their integrity 
in aqueous solutions, and this view is supported by the fact that 
it is only in liquids specially related to them that the blood cor- 

■ 

puscles can maintain their existence ; for it is well known that 
the corpuscles of one animal undergo solution in the serum of 
another. I consider, too, that the form which these bodies 
assume is as dependent upon the constitution of the liquid in 
which they are submerged as upon their own, and it is on this 
account that we so frequently see numbers of the mammal 
blood discs become spherical after the blood is shed, a change 
which, it may be remarked, is largely confined to the younger 
corpuscles. It is also a fact that has not received sufficient 
attention, that alterations in the serum will, on the one hand, 
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change the red corpuscles into large, pancake-like discs, in 
which their concavities are nearly obliterated, and on the other 
will so intensify the biconcaving tendency as to convert them 
into perfect rings. It would, therefore, seem that the biconcave 
form is to be regarded as an arrested annular form. This 
annulating property belongs to the corpuscle as a substance, 
for it occurs in fused masses of corpuscles, in single corpuscles, 
and in fractional parts of them. 

Under the conditions in which blood is usually examined 
very httle is seen of this annulating property, because it is 
the younger, colourless, and slightly coloured discs which have 
the greatest tendency to display it, and these usually sink down 
into liquid films upon the surface of the slide ; but if we take 
measures to prevent, or to partially prevent this melting 
down action, we have formed little liquid pools, which result 
from the fusion or coalescence of these younger discs. Such 
a condition is exhibited in Photograph 21, Plate V., and is 
obtained by running blood into osmic acid, already occupying 
the space between the cover and the sUde. It will be noticed 
that the tendency of corpuscles to fuse and spread is inversely 
as their colour. If, after these little pools of corpuscular matter 
have been rendered sufficiently viscous by the osmic acid 
they are treated with a little water, they immediately absorb it, 
and commence to expand, and at the same time the extreme 
edge becomes raised, rounded, and thickened. The more 
coloured corpuscles which at first simply lay in the fused liquid- 
like mass have now become fixed in it, and as the substance 
expands they are removed to a greater distance from each other. 
Photograph 187, Plate XVIII., illustrates these conditions. 
This specimen has been subsequently stained with an alcoholic 
solution of aniline brown, in order to render the delicate 
colourless masses more apparent. As this annulating action 
proceeds the material is gathered more and more to the 
periphery, till at length a ring alone remains, as seen in Photo- 
graph 188, Plate XVITE., and this, then, sometimes splits at its 
weakest point, and irregular fibres result, such as are shown in 
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Photograph 142, Plate XVIII. Single corpuscles also can in 
this way pass beyond the biconcave form and become simple 
rings, and ultimately curved fibres. The circumstances which 
contribute to this action appear to be such as tend to render the 
corpuscles a little more viscous, as when these changes occur 
they are seen to have an increased tendency to adhere to each 
other, and as a consequence an appearance of chain mail is 
sometimes produced. (Vide Photograph 189, Plate XVIII.) In 
this case very weak tannic acid was the agent employed to 
reduce the limpidity of the corpuscles. In this example it is 
the older or full red discs which are affected in this manner. 
In Photograph 140, Plate XVITE., young, colourless discs which 
have been rendered less limpid by osmic acid may be seen 
undergoing this action. It will be noted that very perfect ring 
forms are produced, while the more coloured corpuscles, as 
often happens from the use of osmic acid, have undergone 
darkening and contraction. 

These ring-forms have been withdrawn from the blood by 
a method of isolation.* As with the masses, so with the single 
corpuscles : when the annulation proceeds beyond a certain 
extent, rupture may occur at some point of the periphery, and 
the corpuscle becomes now converted into a more or less curved 
fibre. Single rings of this character, which have been rendered 
plainer by staining, are seen in Photograph 188, Plate XVIII. 

When corpuscles lying side by side become fused together 
it not unfrequently happens that holes of considerable size form 
in them. This appears to be due to the perforation and gradual 
dilatation of their natural biconcavities or depressions. {Vide 
Photograph 141, Plate XVIII.) 

Now these effects which we have observed in blood 
corpuscles, and which are obviously due to the extreme action 
of the principles upon which their biconcavity depends, are by 
no means peculiar to them, but may be seen operating in 
connection with other substances as the mere result of physical 

* Curved cover glasses are used which can be gently tilted from side 
to side, the younger corpuscles are found attached to the cover, 
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law. If, for example, we take minute portions of the solid fats, 
such as butter or lard, and place them upon the surface of water 
of a temperature sufficient to just melt them, but not to render 
them too limpid, we shall notice that they £ii*st form discs, the 
size of which will depend upon the amount of the material 
taken. If a small disc only is formed it will be seen that after 
a time a sHght depression will occur upon its surface, which in 
a brief space will become a minute hole ; this hole will gradually 
enlarge till a perfect ring is foimed ; this ring will, in the event 
of one point being weaker than the rest, break and extend itself 
into a line, which will then be di*awn up again into a disc, as at the 
start. This process may often be seen to repeat itself several 
successive times ; indeed there is reason to think that it would con- 
tinue to do so indefinitely if the surface of the liquid remained pure 
and clear. Upon the other hand, if the disc or film of grease be 
large, depressions and, subsequently holes will appear all over 
its surface, and it will become a reticulum, as shown in Photo- 
graphs 148 and 145, Plate XVIII. The splitting of the rings 
may be seen on the upper edge of Specimen 143, which was 
solidified by cold before the separated parts could be retracted. 

These are capillary effects, and are due to tension sm*faces, 
and would not occur in the case of the fat if it were submerged 
and unconnected with surfaces, because in the fat the sphere- 
forming tendency is greatly in excess ; but if we take a material 
such as myelin, in which the tendency to form spheres has been 
nearly overcome, and the disposition is rather to extend or 
spread, we have no difficulty in obtaining similar results under 
conditions of complete submergence, and in producing biconcave 
discs and ring forms in abundance. 

Photographs 144, 146, and 147, represent biconcave and 
ring forms obtained by spreading myelin into a thin film upon a 
glass slide, and, after placing over it a cover-glass, running in 
saturated solution of sodium chloride. These bodies may 
advantageously be compared with the various conditions 
of the blood corpuscles photographed in the same plate. The 
large myelin rings, seen in Photographs 144 and 146, compare 
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well with the blood-rings seen in 188, 189, and 140. The 
mode of union or adhesion displayed by these myelin and blood- 
rings are strikingly alike, as is seen in Pliotographs 188, 189, and 
146. The myelin fonns in Photograpli 147, also compare well 
with the modified forms of the blood corpuscles in Photo- 
graph 148. In Photograph 146 the smaller myelin foi-ms 
compare well with the biconcave discs of the blood, and support 
the previously obtained results in Photofj^i-aph 40, Plate VIII. 
The series of changes which we recognise consist in the 
passage of a globule into a disc, of the disc into a biconcave 
form, of the biconcave form into a ring, of the ring into a fibre 
or rod, and of the fibre or rod into a globule again, and this 
action will repeat itself any luimber of times, providing 
the surface of the liquid keeps clean or the ring does not happen 
to be formed of equal strength at eveiy point, and thus 
balance the annulating force. In that case the action 
will not proceed beyond the ring, so that given a viscotu 
liquid disc there are two opposite ways towards which it 
may tend to regain equilibrium ; but in doing this it may remain 
m and exhibit the forms which are intermediate, and this is 
controlled or detemimed by the nature of the sun'oimding. If 
its tendency be directly towards the sphere it may exhibit 
the various stages of convexity; if towards the sphere 
thi'ough the ring-form the various degrees of biconcavity. 
The surrounding medium is the power which determines 
these opposite tendencies to change of form, either in the 
direction of the annular or the spherical form ; for if the sur- 
rounding medium is altered the corpuscle is handed over to one 
or other of these tendencies. The form, therefore, depends upon 
a delicately balanced relatioii of the physical sicl)stance of the cor- 
puscle and of its stu'roiindinffs. The substance of the corpuscle 
is itself in such a state that it has little tendency on its own 
account to take on either one form or the other. This condition 
is obtained by counteracting the retractile energy which 
is most powerful in limpid liquids by rendering them 
viscous, which means easily extensible, the extensibility 



Db. Norbis on MamtnaUan Blood, 36a 

of a liquid being opposed by its retractile energy. 
That the retractile force of a liquid substance may be 
almost entirely balanced or counteracted may be seen* in 
such a substance as myelin, which when submerged in water 
exhibits the most marked tendency to extension under the 
slightest perturbing influences, and this quite apart from any 
relation to surfaces. On the other hand, the following experi- 
ment will show the power which a different external medium 
may exercise over the retractile force of a moderately viscous 
liquid substance, which is submerged in it : Produce upon an 
iron ring, say two inches in diameter, a film, by dipping it into 
a solution of albumen ; this, of course, will be a tension film, 
and would, like a soap film, burst' with any interference with its 
continuity. Carefully submerge this film in turpentine, and it 
will instantly lose all its tension, hang down like a bag, and 
undergo great distension, with the slightest up and down move- 
ment of the ring in the liquid ; being taken out of the 
turpentine it will immediately resume its state of tension, and 
no amount of up and down movement in the air will distend it. 
If pricked it bursts into mere vapour like a bubble ; on the other 
hand if its continuity is interfered with while it is submerged, and 
it becomes separated from the ring, it retains its film-like character, 
and sinks to the bottom of the vessel. Here, then, we have an 
example of the conversion of a fugitive tension film into a 
homogeneous permanent film or membrane entirely by virtue of 
its new surroundings, and only so long as these special sur- 
roundings are maintained. In view of such a fact as this, may 
we not say that a stmcture is the same structure only so long 
as it remains in the same sun'oundings ? If now we revert to 
the advanced lymph corpuscle we find that it leaves the blood- 
glands as a comparatively pasty and rigid disc, and in the more 
liquid regions of the larger lymphatics and the blood vessels 
gradually takes on a comparatively limpid character, and obtains 
that degree of retractile power which, while it is consistent 
with the assumption of the biconcave form, is essential to 
its elasticity. As the lymph corpuscle is a nuclear disc when it 
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begins its independent career it has simply to pass, in obedience 
to the principles explained, from the disc to the biconcave 
form. 

Whatever may be said as to the correctness of the explana- 
tions here given, one thing is absolutely certain, viz., that viscous 
liquids exist, which, when submerged in other suitable liquids, 
give rise to the formation of delicate biconcave discs, which are 
altogether unconnected with surfaces, and float freely about, 
and exhibit elasticity and the same general physical properties 
as the young blood corpuscles. It will, I think, be found that 
these phenomena are confined to microscopic masses of matter, 
Le.y to matter of a pecuHar constitution in a flne state of 
division, and which is thus relieved in great measure from the 
influence of grosser forces, tf.^., gravitation.* 

The view that the blood disc is a liquid body, and that its 
biconcave shape is due to the operation of physical conditions 
and not to structural restraint, does not in any way preclude 
the possibility of the existence of a shght difierence between its 
exterior and interior ; indeed, it is most likely that the exterior 
will be modified by constant contact with other substances in 
the Hquor sanguinis, and that a species of pellicle will result. 
Nevertheless, all that can be claimed in relation to these two 
constituents is, that the exterior is a little more soHd or pasty 
than the interior ; not that it is to be regard as a true double 
contour membrane or capsule, but rather as the surface matter 
modified for some slight distance inicards by contact with the 
liquid which surrounds it; that, in fact, the whole structure was 
originally a smooth colloid particle in a saline colloid liquid ; 
and that the latter has reduced its external surface to a thicker 
or less limpid state, forming, so to speak, a physical metuhrane, 
liable to changes and alternations from the less hquid to the 
more liquid state, and vice versa. In fact both the blood and 
the lymph coi-puscles are to be regarded as minute particles of 
protoplasm which have undergone differentiation by the formation 



* Everyone knows how slowly matter in a very fine state of division, 
and indisposed to aggregation, sinks even through a limpid liquid. 



Db. Norris on Mammalian Blood. 86c 

of an exquisitely delicate physical pellicle. In such a state of 
things the transition from solid to liquid would be very graduated, 
and whilst liquid could pass from and to the interior it would 
constitute no evidence of an essential difference between it and 
the exterior. Such a difference of constitution would permit 
osmotic phenomena to come into play, and thus the various 
irregular modifications of form of which the blood corpuscles are 
susceptible when the serum is modified would be readily 
explained. 



Pabt V. 
On Fibrin Formation and Coagulation, 

I HAVE stated that the discovery of colourless discs in the 
blood not only enables us to explain its mode of development, 
but also the manner in which fibrin is formed. Hitherto little 
attention has been paid to the microscopic aspect of this question, 
mainly because the formation of fibrin has been considered 
rather as a chemical than as a physical and morphological 
problem. As neither the red nor the white corpuscles could be 
regarded as the fibrin stroma, the only tenable supposition was 
that the element or elements which yielded fibrin must be in 
solution in the liquid of the blood. During the course of my 
microscopical researches, I have accumulated a considerable 
amount of evidence which goes to show that the futfitive discs of 
the blood produce by their degenerations and transformations the 
delicate networks, films, and masses which constitute the 
fibrinous deposits of the blood. In Photographs 21 and 22, 
Plate v., evidence is adduced of the manner in which the 
colourless discs fuse together and form pools of clear, transparent 
liquid, which is immiscible in the liquor sanguinis, and which 
may either sink down and become hardened into fibrin films, or, 
if agitation be present, be drawn out into fine filaments, "which 
by their interlacements form fibrinous networks, and these 
subsequently become hardened. Photograph 60, Plate XI., 
illustrates the direct conversion of colourless discs into delicate 
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fibres by the combined action of auniUation an<l extension by 
ciin*ents. In Section IV., in wliicli the views of M. Hayem are 
discussed, numerous examples are given of the modes in which 
fibrin is formed from the corpmcleH of the fwjitire ffroup. It was 
my intention to discuss here the microscopic aspects of coagala- 
tion, but the subject is one of such wide extent, and its micro- 
scopical, chemical, and physical bearings are so inseparable as 
to render a separate work necessary. I shall, therefore, content 
myself by stating, in opposition to the existing views, that fibrin 
has a morphological basis in the blood, and is always present in 
the shape of its colourless and slitjhth/ coloured discs , that these 
are, in fact, the tnie fibrin stroma. When blood is kept fluid 
by the reduction of its temperatm-e to 0° Cent, the red corpuscles 
subside, but the colourless and slightly coloured discs, and the 
ordinary white corpuscles, remain in suspension, and the former 
are mostly in a disintegrated and granular condition. If solid 
neutral salt be added to such plasma, the granular matter which 
is precipitated, and to which the name of plasmine has been 
given, is nothing more than colourless and slightly coloured 
discs which have undergone inspissation and granulation, and 
having thus acquired a greater specific gravity than they ordi" 
narily possess, sink to the bottom of the vessel. There is no 
precipitation in the sense of the passage of a substance from a 
soluble into an insoluble state, and, on the other hand, when 
this precipitate is diffused into weak saline, it does not, as is 
usually supposed, enter into solution, but simply becomes trans- 
parent and hyaline by the absorption of the liquid, very much 
after the fashion of the insoluble portions of giun tragacanth, and 
in this condition it is (like the colourless discs fi-om which it was 
originally derived) invisible, because it possesses the same 
refractive index as the saline solution with which it is incor- 
porated. Subsequently it becomes hardened, and the liquid, 
viscous state gives place to a gelatinous one. For the discussion 
of the nature, mutual relations, and behaviour of the substances 
known as Fibrinogen, Fibrinoplasfcin, and Ferment, I must refer 
the reader to my full paper. 



Section II. 



Further Researches on the Third Coi-puscular Element of 

Mammalian Blood, 



In my first communication on the development of the blood, I 
drew attention to .the fact that there existed in the blood of 
mammalia a very large number of colourless discs which had 
escaped recognition, and stated that an intimate knowledge of the 
origin, nature, and behaviour of these bodies was absolutely 
essential to the comprehension of the physiology and pathology 
of the blood, and also of the phenomena connected with its coagu- 
lation. These conclusions were not hastily arrived at, and as 
<5ontinued and unremitted study of the subject has shnply 
served to strengthen them, I feel it to be my duty, in view of 
the important issues at stake, and of the fundamental changes 
in opinion which the discovery involves, to patiently and 
<5areftdly weigh any objections which are, from time to time, 
submitted to me by competent persons. I propose, therefore, 
to consider here the various objections which have come to my 
knowledge, and, at the same time, to endeavour to justify the 
title of the paper by describing a number of new experiments. 
It is gratifying to be able to state at the outset that my task 
has been much simplified by the fact that, so far, everyone who 
has followed the methods which I have employed has succeeded 
in obtaining the results and appearances described and 
illustrated by the photographs. 
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Such observers are, therefore, prepared to admit "the 
existence of colourless transparent discs^'' and the issue is coziBe- 
quently narrowed to the points, as to whether such discs exist 
in normal unshed blood, or whether they come into existence 
during the mere act of shedding the blood, or are in any way 
produced by the methods used to display them. The discussion, 
therefore, hinges upon the question as to what these colourlegs 
discs really are, and, fortunately, it is only open to us to accept 
one of two views — they are either colourless corpuscles whioh 
are destined to become coloured, or they are red ones whioh in 
some way have lost or been deprived of their colour. 

In support of the first view, it can be urged that we already 
know that large numbers of bodies of the same size as these discs 
continually pass into the blood from the lymphatics. I have 
shown that these bodies are not globules but discs, that their 
plane surfaces are covered with depressions, and that they are 
even capable of becoming biconcave, in some instances, while 
yet in the lymphatic glands. 

Although these bodies are known to pass into the 
blood in such numbers, their presence has never been reoog- 
uised in this fluid, nor, to my knowledge, has anyone, with 
the exception of Professors Gulliver and Bennett, in England^ 
^ud Kolliker, in Germany, troubled about their absence.* 



* Professor Gulliver, who lias taken much interest in the progress of 
this research, and from time to time favoured me with suggestions and 
criticisms, has recently drawn my attention to the apparent ambiguity 
of this sentence. 

He says, '* With Hewson, it was a cardinal tenet that the lymph 
corpuscles enter the blood, and could be seen there, and I never knew 
that any physiologist doubted the fact, till I looked at page 38 of your 
paper." 

The confusion here seen arises entirely from the practice of having a 
common designation for the white blood corpuscle and for the true 
lymph corpuscle. 

It seems to me most desirable that we should retain the name 
white blood corpuscle, or leucocyte, for those elements of the blood 
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A colourless disc is now found in the blood, which I 
shall be able to show has the properties of a lymph 

glands which are seen without difficulty in the bloody confining the 
term lymph corpuscle to those products of the blood glands which 
undergo direct conversion, first into colourless discs and subsequently 
into coloured discs or red corpuscles. These bodies do not appear at 
all, as far as the blood is concerned, till they show themselves as pale 
coloured blood discs. 

Professor Gulliver himself distinguished most carefully between 
these two kinds of lymph products (not in the blood, where they do not 
appear in contrast, but in the lymph current and in the blood glands,) 
when he says, " The globules of the chyle, of the thymus flmd, and of 
lymph are smaller and differ in structure from the pale globules of the 
blood. In these last there are two, three, or four nuclei, easily seen 
when the envelope is made more or less transparent or invisible by 
acetic, sulphurous, citric, or tartaric acid. But the globules of chyle, of 
lymph, and of the thymus fluid, like the nuclei of the red corpuscles 
of the oviparous blood, are only rendered more distinct and slightly 
smaller by any of these acids, so that the central part presents no 
regular nuclei or divided nucleus such as are contained in the pale 
globules of the blood. In short, these last-named globules have the 
characters of perfect elementary cells, while the former globules, as 
shown in the note to * Gerber*s Anatomy,* page 83, resemble, and 
probably are, nuclei or immature cells." 

He gives, too, the measurements of the pale globules of the blood 
and of the true lymph corpuscles as 3,000th as against 4,600th of 
an inch ; vide pages 243 and 244 Hewson's Works. It was the pale 
globule, or white corpuscle of the blood, which Hewson saw and referred 
to in the following historical passage, " Secondly, we have proved that 
vast numbers of (central ?) particles made by the thymus and lymphatic 
glands are poured into, the blood through the thoracic duct, and if we 
examine the blood attentively we see them floating in it." Page 282 
section 98, Hewson's Works. To this Professor Gulliver appends the 
following pertinent note : — " This passage is so clear as completely to set 
aside the claim made of late years, by M. Mandl and others, to the 
discovery of the pale globules of the blood. In that of mammalia, it is 
quite evident, that Hewson had seen these globules, and considered 
them in all the vertebrata as lymph corpuscles, a view which has 
recently been revived. Senac also appears to have seen the pale globulus 
in the blood, and to have regarded them as belonging to the chyle." 

Again he suggests — ** That the lymph-globule is an immature cell, 
which may change in the blood, and even in the thoracic duct or 
lymphatic vessels, into the larger and more perfect pale cell of the 
blood, is very probable." 

Further, on page 254 of the same work. Professor Gulliver distinguishes 
between the white globule and the lymph oorpuscle, and says, ** In the 
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corpuscle, and not those of a decolourised red disc, and 
between this and the fully-matured red corpuscle, others having 
every intermediate shade of yellow tint, can be observed. 

My view, therefore, is that these colourless discs are the 
lost lymph or gland corpxcscles/' which undergo gradual 
conversion into red corpuscles, by the secretion within them 
of colouring matter, after the analogy of the ovipara. As 
all this goes on in a region of invisibility, it accounts for 
the exceeding difficulty which has attached to the comprehension 
of the development of the blood, and removes that ** blot ** upon 
our scientific manhood which Eindfleisch has recently so much 
deplored, f As before stated, the existence pf these corpuscles 
once admitted, the only other interpretation which can possibly 



blood, besides the common pale cells, there are a few smaller corpuscles, 
like those of lymph : while in the larger lymphatics and thoracic duct 
there are corpuscles identical in size and structure with the common pale 
globules of the blood." The facts are these : In the blood, white corpuscles 
are readily seen, which possess several nuclei, and are proportionately 
large ; other smaller ones, in scantier numbers, which are uni-nudesur, 
but in which the nucleus is not readily brought into view by acids, 
because it fills up the entire cell — it is easily, however, displayed by 
imbibition and staining. This uni -nuclear cell corresponds to the true 
lymph corpuscle, in the first stage of its development. The multi- 
nuclear blood cell is developed from this body, in accordance with the 
ordinary processes of cell growth. This is the minor rCde played by the 
true lymph corpuscle. By far the greater majority of these uni-nuclear 
lymph cells become in the glands dispossessed of their cell walls, and 
elaborated into smooth, transparent disc-shaped nuclei, which, becoming 
biconcave, enter the blood as its invisible colourless discs. The white 
corpuscles, mUlti-nuclear and uni-nuclear, therefore, as seen in the blood, 
represent the leukhssmic accidents of the true lymph corpuscle, and 
when this divaricatioQ exceeds a certain numerical limit, it constitutes 
leukheemia, which is a pathological state resulting from the mere 
intensification of a physiological condition always present. For further 
information on this head, see the " Sections on the Products of the Blood- 
glands, and on Leukhssmia." 

* In this term the corpuscles of the spleen are included. 

t Ueber Knoohenmark und Blutbildung von Dr. G. E. Bindfleisch, 
Professor in Wtirzburg. 
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be put upon their presence is that they are discs which have 
yielded up their hsBmoglobin. Three conceptions are here 
possible : — 1. They may have become decolourised during the 
mere act of shedding the blood. 2. They may represent a 
stage in the dissolution of the red disc. 8. They may be 
produced by the methods employed to reveal them. 

What I have to say respecting the first and second 
conceptions will be found on page 17 of my previous paper. 
I shall here confine myself to the consideration of criticisms 
which have been made against my methods. It must be 
remembered that, in order to sustain the position that these 
colourless and intermediate coloured discs are simply decolourized 
red ones, it is necessary to consider all my methods, Jwwever 
various, an leading to one and the same result, viz., to a complete 
discharge of the whole of the colouring matter of some of the 
corpuscles, and a partial and graduated discharge from 
others, so as to present an entire and perfect series ranging 
from a colourless to a full red disc. According to my 
view, the biconcave corpuscles do not become visible in 
the blood till they have acquired just that slight amount 
of colour which is necessary to enable them to be distin- 
guished from the Liquor Sanguinis. Below such barely 
visible corpuscles there are, therefore, numbers wholly invisible, 
and the palest of the visible order may, under the influence of 
certain causes, lose their colom*, and join the invisible group. 
These corpuscles I have frequently observed to disappear. It is 
not with these, however, that we have to deal, but with 
corpuscles that are never visible under any of the usual 
methods by which the blood is examined, and which require the 
most delicate precautions to be adopted for their physical 
preservation. 

This defence of my methods has been rendered desirable by 
an abstract and criticism which appeared on January 15th, 
1880, in the ** London Medical Kecord."^' The abstract itself 

* A. Hart. 
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is fairly accurate, but the criticism, although not wanting in 
ability, shows that the author has failed to thoroughly assimilate 
my views, for it is based entirely upon misconception both 
of the nature of the methods and of the actual procedures 
adopted. 

In common with others wlio have followed the directions 
laid down, the author of this report has had ** no difficulty in 
obtaining identical appearances with those which he (Dr. 
Norris) has described and photographed.*' But it is stated 
** that those appearances are to a considerable extent due to 
artificial causes, and that Dr. Norris's methods appear in a 
great number of instances to be open to the objection of tending 
to produce the appearances which he describes as normally 
existing." It is further affirmed that " Dr. Norris adopts three 
methods by which the colourless corpuscle is rendered visible." 
1. By changing the refi-active index of the serum by the addition 
of a saturated solution of common salt. 2. By withdrawing the 
serum from the corpuscles by the method which he caUs 
"packing." 3. By withdrawing the corpuscles from the 
serum by the method which he describes as that of ** isolation." 
Thus at one stroke the number of my methods is reduced 
from ten to threer' 

The next step of my critic is to show ** that saturated solution 
of salt is capable of dissolving some of the hsBmoglobin from 
the red corpuscles, thus rendering some of these faint and 
ghost-like." It is admitted **that this fact is well known to 
histologists, and is mentioned by KoUett in Strieker's manual." 
This is followed by the remarkable statement : — ** It is to 
be noted that Dr. Norris recommends that, in all cases in 
which the blood is to be examined for these transparent coiyiiscles, it 
should be passed immediately it is drawn into an ammoniated 

* In my previous paper I gave ten distinct methods by which the 
existence of these corpuscles could be demonstrated: — By impact; by 
packing ; by isolation ; by osmic acid vapour and cold ; by solution of 
osmic acid; by alcohol; by altering the refractive index; by spreading 
and drying ; by staining ; by tinting the Liquor Sanguinis. 
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solution of carmine in a saturated solution of common salt, with 
the object, as he states, at one and the same time of preserving 
and staining the colourless corpuscles. This process he recom- 
mends as preliminary to examining the blood by the methods of 
^packiny * and * isolation,' It would be interesting to learn from 
Dr. Norris if all the photographs in his paper were taken from 
specimens of blood which had first been subjected to the action 
of saturated solution of salt." 

The gravamen of all this is, saturated solution of salt will 
produce colourless discs. Dr. Norris used this in all his 
processes^ therefore their presence is easily understood. 

The fact really is that in two only of the ten methods 
has salt been employed, and in three only out of forty-eight 
photographs was it used. I have most sedulously avoided the 
use of re-agents of every kind as a means of demonstrating the 
existence of these corpuscles, knowing full well the doubt and 
difficulty which would be introduced into the question by so 
doing. I distinctly stated this in my paper in the following 
terms : — ** The utmost caution is of course demanded in drawing 
conclusions after the addition of re- agents of any kind to the 
blood — such a method is always open to the objection that the 
re-agent may produce that difference which is simply sought to 
be displayed." The existence of the new corpuscles having 
been first demonstrated by unobjectionable methods, it was 
then, of course, permissible to see what could be done by 
staining, and by alteration of the refractive index of the 
Hquid surrounding them — in short what could be brought out 
by re-agents generally. 

In the methods of ** impact," of *' packing," of ** isolation," 
and of ** spreading and drying by air," no re-agent whatever is 
added to the blood, and I am convinced that as methods they are 
quite unassailable. 

The uncertain state of mind of my critic is rendered 
sufficiently obvious by the fact that four mutually destructive 
theories are propounded to explain the presence of this 
corpuscle. 
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1. — It is due to salt, 

2. — To pressure or compression. 

8. — To violence. 

4. — To post-mortem changes. 

The latter view is enunciated in the following terms : — ** I 
may be permitted to say, after going with care through a seriea 
of observations on this subject, I am disposed to believe that 
the colourless coi^puscles which (without the addition of a 
saturated solution of common salt) are still undoubtedly seen 
when the blood is examined by the method of * isolation,' are 
red corpuscles which have undergone post-mortem changes prior 
to taking part in the formation of fibrin." 

On this it may be remarked that if these corpuscles are 
red ones which have lost their colour after the blood is shed 
prior to being formed into fibriij, they must always be a 
constituent of shed blood, and it is therefore a work of superero- 
gation to try to show that they are produced by the methods 
employed. My critic seems also to have forgotten that fibrin 
may form upon a foreign body, such as a thread passed through 
a vein in a living animal. Any sound theory of fibrin formation 
must be competent to cover and explain every well-attested fact 
which experience has accumulated. 

I shall now examine in detail these. and other objections 
which have been .made to some of my methods : — 

Objection I. 
Packitig Method"^', — On this method the writer remarks — 
**As to the effect oi pressure on the corpuscles, when passed 



♦ From a number of thin cover-glasses a slightly convex one is 
selected, by ascertaining that one surface (the convex) gives, by reflected 
light, a sharp image of the window bars, or gas-light, and the other a 
blurred and indistinct one. This cover is strapped, with its convex 
surface downwards, upon a microscopic slide, so firmly as to produce a 
series of Newton's rings of an elongated form. [Vide Plate I., Fig. 1 
previous paper.] The two objects gained by this arrangement are as 
follows : — 
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between the glasses showing the rings of Newton — when the 
colourless corpuscle is fii'st seen by this method, it is very 
striking. I closely observed what took place when the blood 
was treated in this way, and I finally arrived at the opinion 
that the pressure excited by the glasses is so great that it causes 
the corpuscles to discharge their heemoglobin, and to become 
transparent'Mcoloiu'less?)'* The corpuscles are here subjected 
to an extreme degree of pressure. They are drawn by the 
force of capillaiy attraction between two glass surfaces, bound 
firmly together, imtil they reach a spot which they cannot 
pass, by reason of the close contact of the two glasses. They, 
therefore, become wedged in, and are subjected to the action 
of two forces — the capillary attraction, which is drawing the 
Liquor Sanguinis from around them, and the pressure above and 
below of the glasses between which they are tightly wedged. 
This pressure causes certain of the corpuscles to lose their 
haemoglobin, and to become transparent. Some of the 
corpuscles are acted on in this way much more rapidly than 
others ; but, in course of time, a great number of the 
corpuscles become quite colourless, and all of them, as they 
pass towards the centre of the glass, where the pressure is 
greatest, become paler. I have repeatedly watched this 
transformation take place." The writer is in en'or in considering 
that the red corpuscles are by this method subjected to strong 
pressm-e. The conditions are precisely those which obtain in 



1. The glasses are everywhere in such close proximity as to admit 
the corpuscles flatways, and in single layer only. 

2. In the part occupied by Newton's rings, the proximity is much 
less than l-10,000th of an inch, and thus presents a barrier to the passage 
of the coi-puscles, whilst allowing free passage to the Liquor Sanguinis. 
By this means the corpuscles are kept in the part marked A, whilst the 
Liquor Sanguinis is filtered off into B. 

This packing of the red corpuscles causes them to mould themselves 
around the invisible bodies present. 

• It is important in these considerations not to confuse the 
terms colourless, transparent, and invisible — they are by no means 
synonymous. 
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a capillary tube, with a diminishing diameter in one direction. 
It is more correct to regard this condition as one rather of 
coercion of form than of pressure, for the corpuscles are so 
plastic and flowing in their character, that their form under- 
goes modification with greater facility than is the case with 
many liquid globules, e,(j,, globules of oil in water, and if they are 
compressed in one direction they extend with great ease 
in another. Of course, when very much flattened and 
thinned, they appear to have little colour ; but if liberated from 
the coercion, they regain their form, and with it their original 
tint. It is easy to show : — 

I. That the corpuscles are not by this method subjected 
to pressure in the proper sense of the word, 

II. That coercion of the character to which they are 
sometimes subjected is customary to them in the capillaries, 
and is incompetent to remove fi'om them thoir colom*. 

III. That this method will bring these colourless 
corpuscles into view when the proximity of the glasses is such 
that no compression or coercion of any kind whatever is exerted. 

In the first place the strength of tlie cun*ent is the 
measure of the coercion, not the proximity of the glasses ; or 
the latter only to the extent that it is related to the rapidity and 
strength of the current. The force of the ciuTent is measurable 
by its rate. The corpuscles will not proceed into interstices 
which would crush or injm^e them. In this respect the method 
differs from forcing glasses into greater and greater proximity. 
There is no pressure or compression of a kind which would lead to 
diminution of volume, as in squeezing a sponge in the hand. The 
force of the capillary cuiTent, and the elasticity or extensibility of 
the corpuscles, are the two opposing factors at work ; when the 
current carries the corpuscle into a space limited in one direc- 
tion only, and is incapable of carrying it further, it is because the 
force of the current is at this point balanced by the elasticity 
of the corpuscle, a stronger cun'ent would carry it further. 
The glasses being fixed and rigid do not exert any pressure upon 
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the corpuscles, but simply afford the statical conditions, by 
means of which the current acts upon the corpuscle to modify 
its form, and when the current ceases, the proximity of 
the glasses prevents the elasticity of the corpuscle restoring 
the original form. Will any one seriously afl&rm that 
the sUght force exerted by the elasticity of the corpuscle, 
in its efforts or tendency to resume its normal form, is 
competent to cause it to discharge its colouring matter ? 
Corpuscles are constantly subjected to such influences and 
modifications of form, both within and without the vessels, 
and do not in consequence give up their colouring matter. 
I have often seen them flattened into pancakes or extended 
into fine lines without any such loss; in all cases, on the 
resumption of their original form, they assume their customary 
tint. I know of no method of decolourising a blood corpuscle, 
excepting that of solution of its haemoglobin ; and even in 
this case many points arise, of which I shall speak further on. 

Then again, supposing pressure to be present, acting 
equally upon the corpuscles in every direction, it could 
never discharge the colour from such bodies as the 
mammal blood corpuscles. This might occur if the colouring 
matter was simply entangled mechanically instead of being 
chemically combined in the substance of the corpuscle, or if 
we could regard the corpuscle as a rigid sac filled with 
colouring matter, we might imagine such a result possible ; 
but this is clearly not the case, for red corpuscles may be 
broken up into granules without loss of colour ; in fact, 
mechanical violence, per se, seems to have very little, 
if any, power to modify the colour of the corpuscles, and 
it would be surprising if it had, seeing that the colour is in 
chemical combination. But it is by no means necessary 
to subject the corpuscles to any pressure or compression 
whatever; it is simply required that the proximity of the 
glasses shall be such as to prevent the corpuscles rolling 
over or resting with their edges uppermost, or one corpuscle 
slipping above or beneath another — that is to say, the space 
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between may be something more than the xtj.Wt*^ ^^ *^ inch^ 
but not twice this. In some of my best specimens the 
corpuscles have imdergone no compression, as can readily be 
known from the fact that they have not increased in diameter 
beyond that of the normal biconcave disc. (Compare Photo- 
graphs 1 and 4, Plate II.) 

Again, local causes act locally, and if these colourless 
corpuscles were produced by compression due to the proximity of 
the glasses, they would occupy invariably the part nearest to 
the rings, but the fact is, fewer of these corpuscles can bo 
seen near to the barrier, because they have formed adhesions 
to the glass before reaching this point. 

They are distributed over the entire space, often right 
up to the edge of the specimen — in fact the peculiar adhesive- 
ness of the corpuscle constantly causes it to be filtered out 
or held back before the rings are reached, and if the rings 
are sufficiently distant from the point of ingress of the 
blood, this will always be the case. The power of these 
colourless discs to adhere in this manner, (like the white 
corpuscle,) while the red ones remain unaltered and sail 
freely about and among them, is itself an evidence that 
they are something different in kiml. Again, any point of 
arrest in any part of a specimen gives rise to packing, 
and displays these corpuscles — hence they arc constantly seen 
in the little patches of packing which occur about air-bubbles, 
in parts of the specimen, where great freedom of movement 
without modification of fonn is possible. Side by side with these 
corpuscles are others which have obviously undergone no 
change of colour. All are subjected to the same conditions. Is it 
possible that some should be absolutely pressed white, 
while others in immediate contiguity undergo no change? 

Photography is an excellent test for minute shades of 
yellow colour, and as it renders the extremes of these 
corpuscles, black and white, we know that the amomit of 
hsemoglobin present in the first case is exceedingly great 
in comparison with that in the other. 
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The affirmation made by this writer of having repeatedly 
^* watched the transformation of red corpuscles into colourless 
ones " while using this method demands more than a passing 
notice. 

It is quite true that as the corpuscles pass within the 
outermost system of rings they become paler, and this because 
they become thinner, a fact which is known by the increase 
of their diameter. 

As the Liquor Sanguinis becomes more charged with 
hfiBmoglobin (derived from the mass of corpuscles, and not from 
one more than another) the flattened corpuscles will become more 
and more obscured, indistinct, and faint, because the contrast 
between them and their surroundings becomes less and less. 
Under such circumstances they may become barely visible, and, 
perhaps, quite invisible, and this not because they have become 
colourless, but because the Liquor Sanguinis has become coloured 
up to a like intensity with themselves. For the determination of 
matters of such delicacy the average human eye is an inadequate 
colour instrument, and requires to be sui)plemented by photo- 
chemical tests. It is also impossible to obseiTe these 
differences properly without a standard of colour. 

By means of photography we can transmute with extreme 
precision these shades of yellow colour into degrees of black 
and white, which every eye can estimate with equal 
correctness. 

The air bubbles present in specimens being absolutely free 
from colour, constitute an excellent standard of comparison 
for the inconstants, viz., the corpuscles and the Liquor 
Sanguinis. 

The normal tint of the new corpuscles is closely that of 
the air bubble, and precisely that of the normal Liquor Sanguinis. 

The normal Liquor Sanguinis is not quite as colour- 
less as the spaces of the air bubbles, for as soon 
as blood is shed haBmoglobin begins to diffuse slowly 
into the Liquor Sanguinis, and, as time goes on, this liquid 
becomes deeply tinted, and if at the same time the red cor- 
puscles become flattened by any means, they are lost to view in it. 
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The new corpiiscle stains slightly with the Liquor Sanguinis, so 
that it is seen at its best when the tint of the plasma is nearest 
to that of the air bubble, i,e., when it is freest from hsamoglobin* 

These statements apply to blood under the usual conditions 
in which it is examined ; but it is quite possible to prevent the 
staining of the Liquor Sanguinis altogether. 

I have ascertained that colloids, such as gum acacia 
and albumen, entirely prevent the exosmose of the hsamoglobin 
into the Liquor Sangumis. They are therefore of the greatest 
use in testing for the presence of this corpuscle, and for the 
intermediates, for they preserve all tJie colour in the corpuscles^ 
and therefore prevent the delicately-tinted intermediates from 
fading away into invisibility, by the combined effects of loss of 
colour on their own part and its gain on the part of the 
surrounding medium. 

Colloid Method. — Eeduce a Uttle dry soluble albumen to* 
the state of fine powder, and having pricked the finger, stir 
up well with the blood, as it lies on the finger, a small 
portion of the powder ; run the blood beneath mica or glasses 
prepared for the packing method. 

When the colouring matter is thus prevented from leaving 
the corpuscles, there is no fading away of the red corpuscles 
at the barrier ; or, to speak more properly, they do not 
become hidden in the stained Liquor Sanguinis ; and this is the 
case even after the specimens have been kept for eighteen hours. 

This experiment, it must bo borne in mind, is of a 
crucial character, for the coloured corpuscles do not yield up 
any of their hsBmoglobin, yet the invisible corpuscle is present 
as usual. It cannot, therefore, be a decolourised red corpuscle. 

Plate X., Photograph 49, is intended to show the contrast 
of colour between the air spaces and Liquor Sanguinis 
soon after the blood is shed. It will be observed that the Liquor 
Sanguinis is *of a darker tint, owing to the presence in it of 
haBmoglobin, derived from the corpuscles. 

* Soluble albumen may be obtained of B. W. Thomas, 10, Fall 
Mall, London. 
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Plate X., Photograph 50, is an example in which the colouring 
matter has been prevented from exuding from the corpuscles by 
the use of a colloid — in this case albumen. The air-spaces and 
the Liquor Sanguinis are here seen to be very nearly of the 
same tint, [vide upper left-hand corner in the intervals between 
the unpacked corpuscles.) The invisible and intermediate 
corpuscles are brought into view in the packed part of the 
specimen, and thus a demonstration is afforded that such 
corpuscles are not decolourised red ones, for no colour has 
passed into the senun from any of the corpuscles. 

Plate X., Photograph 51, represents the appearance imme- 
diately contiguous to the rings of Newton. The Liquor Sanguinis , 
as compared with the air-spaces, is of a very dark tint, indicating 
the presence of much haemoglobm. Tlie red corpuscles have 
also increased in diameter, and have a fainter appearance ► 
This faintness of the corpuscles is due to two causes ; firstly, 
they are flattened, owing to the proximity of the glasses ; 
and, secondly, the contrast between them and the Liquor 
Sanguinis is diminished, owing to the colourisation of the latter. 

Plate X., Photograph 52, also represents a portion of a speci- 
men near to the rings of Newton, but in this case the integrity of 
the red discs has been preserved by means of a colloid (albumen.) 
The Liquor Sanguinis is seen in this case to be very nearly 
as colourless as the air-spaces. The discs have lost no colour, 
and the serum has, therefore, gained none ; and, consequently, 
the corpuscles appear with their usual distinctness, and not 
as in Photograph 51 . The great preservative power of the colloid 
is distinctly brought out by the fact that the specimen seen 
in Photograph 52 had been kept for eighteen hours, while that 
shown by Photograph 51 was taken within an hour of it& 
preparation. 

Plate X., Photographs 58 and 64, represent precisely the same 
spot, near to the barrier or rings of Newton, taken at an interval 
from each other of eighteen hours. In these cases no preservative 
was used. In Photograph 58, packed among the red corpuscles^ 
may be seen here and there a few of the colourless discs ; 
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and it will be noticed that while nearly all the red corpuscles 
have in Photograph 54 disappeared in situ, the colourless ones, 
that lay amongst them, have remained in position, and are still 
visible as phantom forms in the Liquor Sanguinis among the 
now invisible partly decolourised corpuscles 'around them. 

By the colloid method all the coi-puscles of the fugitive group 
can be preserved, including the colourless discs, which, however, 
as before, are still invisible under ordinary conditions. This 
method alone affords a complete answer to the objections 
which refer the invisible corpuscles — 
I. — To pressure, 
n. — To violence. 

in. — To the action of saline solutions — in fact to any 
vieiv which ascribes their existence to loss of colour on the part of red, 
or slightly coloured corpuscles. It demonstrates, in the most 
absolute manner, that they are corpuscles which have never 
possessed enough haemoglobin to make them visible in the normal 
Liquor Sanguinis. 

The question of the effects of direct pressm'e upon the 
mammal corpuscle, i.e., of intermittent repeated compressions 
applied with great force from above, has also been carefully 
investigated, with the result of showing that corpuscles can be 
made in this way to give up some ot their hsBmoglobin, as 
evidenced by their becoming paler, and by the liquid becoming 
stained. These corpuscles, however, never under any circum- 
stances become less coloured, i.e., whiter than tlie liquid which 
surrounds them. They simply become less visible, because 
their own intensity of yellowness is diminished, while that of 
the Liquor Sanguinis is increased, and when run .into clear, 
i,e,y unstained Liquor Sanguinis, they are not invisible, 
as is the case with the primary disc, but much more visible, 
as might a priori be readily imagined. 

By no amount of pressure or manipulation can corpuscles be 
produced in any way corresponding to those I have designated the 
invisible colourless discs. All that can be done is to produce a dead 
level of colour between the corpuscles and the Liquor Sanguinis. 
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I have recently discovered a very simple method by which 
these corpuscles maybe displayed, and which has the advantage 
of not requiring the cover to be strapped down, or, in fact, any 
plan adopted different to that by which blood is usually 
examined. 

It consists in using flexible covers in the place of the 
glass ones, such as thin pieces of mica or films of collodion. 
These covers adapt themselves sufficiently close in parts to 
draw off the Liquor Sanguinis from the corpuscles, and this 
induces packing in other parts, in which the colourless disc 
is readily detected. Under these large flexible covers, in 
some parts, currents are maintained for a considerable time, 
and ample opportimity is afforded to witness the phenomenon 
of the impact of the red corpuscles against slightly visible 
and wholly invisible corpuscles which have become attached 
to the slide. This phenomenon is, I think, one of the most 
impressive, for we see the effect of curvilinear indentation 
produced upon the red corpuscles, while, in the majority 
of cases, the most searching scrutiny fails to reveal the 
adhering corpuscle which is giving rise to it. 

It is obvious from what has been said, that the detection by 
this investigator in one instance of haemoglobin by the aid of the 
micro- spectroscope is not of the least moment, for as we know 
that, after a time, in all cases the serum of shed blood becomes 
perceptibly coloured with hsemoglobin ; we may readily infer 
that an action of this kind commences to set in immediately 
the blood is shed, but we may also fairly conclude that all 
the coloured corpuscles contribute their proper quota to this 
result. If it be true, as stated by this writer, that some corpuscles 
yield up all their colour, while others are not perceptibly affected, 
this is at once an evidence of a remarkable difference among the 
corpuscles themselves, a point by no means to be overlooked. 

The experiments with the colloid appear, however, to 
negative such a view. Again, it must be remembered that, until 
£ pointed out this method of Altering the serum from the 
corpuscular elements, such an observation was impossible, and 
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we had no means of ascertaining whether haemoglobin was or 

was not a normal constituent of the Liquor Sanguinis. There 

exists an unknown colouring matter in the Liquor Sanguinis 

which gives rise to its pale yellow tint. This normal pale yellow 

tint must not be taken as evidence of haemoglobin. 

As methods can now be devised for preventing the passage of 

haemoglobin from the corpuscles, and also of removing these 

bodies from the Liquor Sanguinis, we may coni&dently hope to 

be able before long to make out the nature of this colouring 

matter.* 

Objection II. 

Method by Raising the Cover, ^ — Under this head my critic 

writes — "By the method of raising the cover I was enabled, 

without the use of salt, to make some very good preparations 

of colourless corpuscles. After fixing with osmic acid, I also 

stained them. It struck me, however, that as a possible 

cause of this appearance of these forms of the red corpuscle, 

the force required to overcome the capillary attraction of 

the two glass surfaces, with the thin layer of fluid between 

* My friend, Dr. McMunn, so well and favourably known by his 
researches on t^e animal colouring principles, has recently made this 
matter a subject of investigation, and has favoured me with the following 
note : — '* The points which I have made out about the absorption band of 
serum are the following : The serum examined was that of the sheep, it 
gave a band at F. If this were due to luteine, it should have been 
accompanied by another in violet — it should occupy the position (in the 
spectrum) of the luteine band — it should be rather intensified by 
ammonia, or by caustic soda. If, on the other hand, it were due 'to 
unoxidised bile pigment, it should be intensified by acids, it should 
disappear with ammonia, and it should occupy a position in the spectrum 
nearer to red than the luteine band ; the latter is the case, as one can 
easily prove, therefore the band is iwt due to luteine. The band seen in 
serous fluids — e,g.^ peritoneal fluid, pericardial fluid, and that removed by 
a blister is probably due to luteine ; at aU events, it does not appear to 
me at present to be due to an altered bile pigment." Further informa- 
tion may be found on this head in the Author's paper, Poc. Royal Society^ 
No. 208, 1880. 

* Cover-glasses are strapped down at one end, forming a kind of 
hinge, which permits them to be raised by a screw, or otherwise, 
from the opposite end, and the excess of blood then flows by capillarity 
to the other, from whence it can be removed by blotting paper, and 
the adhering corpusoles retained for examination. 
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them, had not been sufficiently taken into consideration, nor 
also the probable effect on the more unstable red corpuscles 
of the sudden withdrawal of the serum." 

It is necessary to state, in the first place, that I have 
never used, nor recommended the use of solution of salt in 
connection with this method ; indeed, it would be impracticable, 
on account of crystallisation, but I have employed the method 
without, and with osmic acid, both in solution and in vapour. 

The concluding paragraph of this criticism renders it unneces- 
sary for me to defend this method, or, in fact, any of my methods, 
for the writer says : — " I may be permitted to say that, after going 
with care through a series of observations on this subject, I am 
disposed to believe that the colourless corpuscles, which are 
undoubtedly seen when the blood is examined by the method 
of * isolation ' are red corpuscles which have imdergone post- 
moi-tem changes, prior to taking part in the formation of 
fibrin. ' 

Here is a free admission that colourless discs can be found by 
one of my methods, and their presence is not referred to the 
method, but to post-mortem change in the blood. If these 
corpuscles are the result of post-moii>em change, it is obvious 
that they cannot be the product of any of the methods 
employed. 

This method of '' isolation" is a very important one, 
because it enables us to understand the relations which 
various corpuscles hold to the Liquor Sanguinis, and also how 
they behave when it is withdrawn from them. 

By employing it in its simplest form, that is without the 
use of re-agents, and separating the glasses in the most gentle 
manner possible, we may obtain groups, such as are seen in the 
Photographs 9, 10, 11, 12, and 13, Plates III. and IV. As a rule, 
however, we get only groups of coloured corpuscles, without 
any of the colourless ones among them. As I have stated, 
the corpuscles of the *' fugitive group " cannot well bear the 
withdrawal of the Liquor Sanguinis. They owe the integrity 
of their form entirely to its presence, and spread down upon 
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the glass snrfiebce, and are lost, just as oil globnles wonld be, 
the spherical shape of which had been maintained by sab- 
mergence in water. The water being removed, the globules 
spread upon the surface with which they are in contact. 

There are certain corpuscles which we may obtain in 
addition to the mosaic groups of red ones, providing we have 
our glasses very clean and the right kind of sur&ce, and 
separate them with the greatest possible care. This is the 
corpuscle seen in Plate XI., Photograph 59. It is a corpuscle 
with considerable colour, of a glistening, lustrous, or flickering 
character ; it has some disposition to spread, and one of its 
edges may frequently be seen to be laid down. This corpuscle 
stands between the permanent and fugitive groups, both 
connecting and dividing them. Generally, when the glasses 
are separated, these corpuscles are broken up into minute 
granules. A glimpse of the primary corpuscles is very rarely 
obtained by this method without the use of osmic acid vapour. 
When so obtained they are generally supported among red 
corpuscles. 

I consider that I have been able to divide the biconcave 
discs into three sets, which may be designated the primary, 
secondary, and tertiary groups. This distinction is founded on 
the behaviour of these corpuscles upon the withdrawal from 
them of the sustaining influence of the Liquor Sanguinis. 

I. — The Primary Group embraces all those corpuscles which 
melt down on the removal of the Liquor Sanguinis, and, after a 
time, even m the lAquor Sanguinis of shed blood. It includes the 
whole of the colourless discs, and such of the coloured ones as 
are less tinted than those of the secondary group. 

n. — The Secondary Group consists of the lustrous, flickering 
corpuscles. They are just barely capable of maintaining them- 
selves in the absence of the Liquor Sanguinis. They have 
considerable colour, in fact, nearly as much as those of the 
tertiary group. 

in. — The Tertiary Group includes all corpuscles which do 
not become lustrous, and which can maintain a distinct outline 
in the absence of the Liquor Sanguinis. 
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All these corpuscles occasionally form mixed mosaic groups 
on the glasses. 

Specimens of the corpuscles forming the primary group 
can only he ohtained isolated from those of the secondary and 
tertiary groups by adopting perfect methods of preserv^ation. 

These three classes of corpuscles are all capable of under- 
going similar changes, but with different degrees of facility, 
and, on this account, these changes are commonly seen in 
the primary or fugitive group only. 

These changes are of the nature of fusion^ of (jranulaUon, 
and of fibrillatioriy and groups of each class may be shown in 
which these changes have occurred or are taking place. 

In Photographs 55, bQ, 57, 58, 59, Plate XI., we have 
succeeded in isolating small mosaic groups of the invisible 
corpuscles, the corpuscles of which have passed into the 
spherical state. In Photograph 55 their outlines are tolerably 
distinct, but in Photograph 56 they have partially fused or 
coalesced, and in Photograph 57 still more completely. In 
Photograph 58 the masses formed by their coalescence have 
already commenced to granulate, and would shortly undergo 
separation into distinct gi'anules, such as are depicted in 
Photograph 17, Plate IV., and Photograph 45, Plate IX. 

Photograph 60, Plate XI., gives an. example of the dii-ect 
conversion of the colourless discs into fibrin without passing 
through the stage of granulation. This is a modified mode of 
action of the process of annulation.* 

Photograph 59, Plate XI., shows corpuscles of the secondary 
and tertiary groups in juxtaposition. It will be seen how incap- 
able the former are of maintaining a distinct outline. It is 
corpuscles of this class which frequently become granulated, 
especially under the influence of cold, and thus give rise to the 
forms observed by Semmer. {Vide page 26.) 

These primary groups are often to be seen undergoing 
conversion into fibrin. The corpuscles of these groups are 
de facto fibrin, and the delicate fibres and layers which appear 
on glass slides are due, first, to the extension of these granu- 

* Vide Section on Fibrin formation. 
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lations into fibres, or to annulation of the entire corpuscle, 
or secondly, to the spreading and laying down of these 
corpuscles into films. When blood is completely defibrinated 
these corpuscles and their granules entirely disappear, and 
can no longer be shown by any of my methods, though 
abimdance of red corpuscles are still present from which the 
colour might be discharged if the methods used could biing 
about this effect. One of two things is, therefore, obvious, 
either colourless discs have been removed, or the discs which 
become colourless when my methods are employed. There 
can be no doubt that the former is the true view. 

The application ot a delicate photo-chemical test, such 
as is afforded us by photography, indubitably shows the 
existence of a regularly graduated series, from a colourless to 
a deep yellow disc. Of those, the colourless and the more 
faintly-tinted ones range themselves together on the unstable 
or fibrin side, and the more strongly-tinted on the stable 
or permanently corpuscular side ; in other words, the stability 
of the blood corpuscle is directly proportionate to its degree 
of cruorisation, and the flickering or diffused edged corpuscles 
mark the point at which the biconcave discs become converted 
into fibrin when the blood is shed. 

It must not, howe¥er, be supposed for one moment that 
we have in these discs to deal with a difference of colour 
alone. 

The corpuscles which constitute the "fugitive group" differ 
not only in colom- but also in adhesiveness, in specific gravity, 
in liquidity, in their relation to stains, in their tendency to 
granulation, in their behaviour with re-agents, <fec. 

Although, as before explained, many of the corpuscles of 
the " fugitive group " possess some colour, yet on the whole the 
colourless disc may be taken as the type of their behaviour ; 
the red disc as the type of the behaviour of such as are more 
strongly-tinted than the diffused edged one. It will be simply 
necessary, therefore, to describe here the general properties of 
the colourless, or as I sometimes designate it, the primary disc. 
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Colour, — The primary discs are of the same tint as the 
ordinary white corpuscles when these have been rendered 
smooth and free from granulation, i.^., that of the back- 
ground. The rosette masses, which they form by their 
adhesion to each other, are also of the same colour as similar 
masses of adhering white corpuscles. 

Adhesiveness, — They are more prone to coalesce with 
each other and with the white corpuscle^ but show little 
tendency to associate themselves with the red. They 
have also a great disposition to adhere to air-bubbles and 
foreign matters introduced mto the blood, while the red discs 
have little or none. 

Specific Gravity, — Like the white corpuscle, they are 
lighter than the red, and have a tendency constantly 
to rise to the surface of the blood, consequently the largest 
numbers are always seen to attach themselves to the upper 
glass, in preference to the lower, and especially if time is 
allowed them to rise. This, no doubt, has something to do 
with the buffy coat. 

Liquidity, — In this respect they differ much from the red 
corpuscles. When in their natm-al state in the blood they are 
exceedingly liquid, and have no power to retain their form, 
being modified fr*om moment to moment by currents. 

It is not till they have formed adhesions to the glass, or 
have been hardened by re-agents, that their true form becomes 
obvious. So great is their natural liquidity, that they may be 
often seen to give off under the influence of capillarity, finger- 
like processes which lie between the more permanent 
corpuscles, vide Photographs 15 and 16, Plate IV. In 
its natural state in the blood there is reason to think that this 
corpuscle is far more plastic and yielding, but less elastic 
than the red corpuscle. 

Granulation, — The red corpuscles rarely undergo granula- 
tion, but these can scarcely be prevented doing so. In this 
respect they are like the ordinary white corpuscle, to which 
body they in fact assimilate in all their properties. These 
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granules sometimes result from the breaking up of single 
corpuscles, and at others from the breaking up of groups or 
fused masses of them, vide Photographs 12, 17, 18, and 45, 
Plates III., IV., and IX., and Photograph 58, Plate XI. 

These are the bodies which M. Hayem has described as the 
hcBmatohlasts of mammalian blood. The body, however, which 
in reality corresponds to the delicate corpuscles he has 
discovered in the blood of the ovipara, is the invisible colourless 
disc."^ 

Relation to Staiiis, — -T have ah'eady stated in my former paper 
that these corpuscles when in the Liquor Sanguinis stain with 
carmine, and the red ones with aniline. I have found more 
recently that the colourless discs may be readily stained by a weak 



* Dr. Noel Gueneau de Miissy, the distinguished honorary physioian 
to the Hotel Dieu, has done me the great honour to reproduce my work 
on the blood with remarkable exactness, and with a degree of lucidity 
which shows that he has taken considerable pains to acquaint himself 
thoroughly with my views. That he has much confidence in their 
general trustworthiness, may be inferred from the following passage : — 

" Cette accumulation d'inductions, d'observations, d'exp^riences si 
nombreuses et si ingenieusement varices, ne me parait gu^re Jpermettre 
de contester Texistence de ces nouveaux corpuscles ou disques incolores." 

There are, however, one or two points which seem £o require from 
me some explanation. These refer to the relations which Babsist 
between my work and that of M. Hayem, and are as follows : — 

** H combat I'opinion de M. Wharton Jones, qui veut trouver dans 
les noyau X des leucocytes I'origin des hemoglobules. La th^orie, dont il 
est le d^fenseur, et qui place cette origine dans les globules de la lymphe, 
avait 6t6 dfej^ entrevue ou soutenue par plusieurs physiologistes, entre 
autres par KoUiker et Huxley.* Elle est en opposition avec celle qui a 
et6 propos6e dans ces demiers temps par notre savant confrere 
M. Hayem, qui fait naitre les hematics de globules rudimentaires 
auxquels il donne le nom d'h^matoblastes. Ces petits corps seraient, 
selon M. Norris, ceux qui ont M decrits par Beale sous le nom de 
bioplasts et il les cousid^re comme des granulations produites par la 
rupture des disques incolores. Je me demande si M. Norris a bien 
compris la description de M. Hayem, qui ne me semble pas se prdter 4 
cette interpretation. 

"' Sans doute, il y a entre los disques lymphoides de M. Norris et les 
h^matoblastes de M. Hayem des differences essentielles de forme, de 

* Dr. de Mossy is in error here. Professor Huxley supports the views of 
Wharton Jones. 
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solution of aniline blue, in three-quarter per cent, solution of 
common salt. The blood should be allowed to run in by capillarity 
at one end of a large mica cover, and the stain should be so 
applied as to be drawn in after it. If the stain is not too strong 
it will tint the invisible corpuscles without affecting the red 
ones."^' 



volume, d'origine, mais la description qu'en donnent oes auteurs laisse 
voir aussi entre eux certaines analogies dont la plus saillante est le rdle 
que tous deux font jouer k ces corpuscles dans I'origine de la fibrine et la 
coagulation du sang. De nouvelles recherches me paraissent n^oessaires 
pour decider lequel de ces deux observateurs a le mieux vu, et pour 
^olairer I'origine des h6moglobules, dont la th^orie de M. Norris donne, ii 
faut en convenir, une s6duisante explication. 

'* Quand bien mdme les recherches de M. Hay em sur les h^mato- 
blastes et sur leur rdle dans la gen^se des hematics recevraient la 
sanction des observations ult^rieurs, Texistence des corpuscules incolores 
de M. Norris n'en serait pas 6branl6e, leurs connexions avec la fibrine 
pourraient subsister." 

I desire, in the first place, to bear my most unreserved testimony to 
the originality and importance of M. Hayem's investigations. I regard 
them as the most profound researches which have been made in the 
blood for many years. Very little recognition has yet been accorded to 
M. Hayem by English physiologists, for the reason that very few have 
worked sufficiently at the blood to enable them to form an opinion upon 
the merits of so obscure and difficult a research, and also because 
English Physiology is not yet educated up to '* a morphological fibrin.'' 
Although M. Hayem and myself have laboured independently of each 
other, the main conclusions at which we have arrived are singularly in 
unison, more particularly those which refer the formation of fibrin 
and the coagulation of the blood to such formed elements of the blood as 
are destined in the ordinary course of things to become the red 
corpuscles. 

Neither of us deny that the ordinary white corpuscle may contribute 
in a small degree to fibrin formation, but we are both agreed that it is 
not the normaJ progenitor of the red disc. 

Up to this point our researches are mutually supporting. 

M. Hayem has very carefully described certain minute bodies long 
known to exist in mammalian blood, and has shown that these bodies are 
concerned in the formation of fibrin. He had already shown that 
the bodies which form fibrin in the ovipara were the early forms of the red 
blood corpuscle, and he has, therefore, naturally inferred that these 
variable elements in mammalian blood must be the early stages of the 
red blood disc. These bodies have some colour, and are but a fraction 
of the size of the red disc, therefore the further assumption that 
they grow and attain more colour has to be made. On the other 

Vide section on staining. 
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Objection III. 

By altering the refractice index of the lAqiior SanfftUnis.'^ — 
The ground having been cleared by the previous discussion, we 
are now in a position to consider more profitably the objections 
which have been made to the use of a saturated solution of salt 
as a means of displaying the new corpuscles by altering tlie 
refractive index. I have already referred to the grave mistake 
made by my critic in attributing to me the use of salt in all 
my processes instead of in two only. (Vide-p&ge 42.) 

On this method my critic remarks — ** As to the use of 
a saturated solution of chloride of sodium, I conclusively proved, 
by repeated experiments with the instniments used for tlie 
enumeration of the blood corpuscles, that a saturated solution 
of salt causes about one-third of the red corpuscles to discharge 
their haemoglobin, and to become clear, colomiess, ghost-like 
corpuscles." 

The fact that a certain number of the paler red discs 
disappeared in a concentrated saline solution was very well 
known to me, for when I decided to use a saturated solution 



hand, I find that the fugitive corpusoles, which are the same size 
as the red disc, are in various ways resolved into fibrin, and that 
in the process they often break up and become altered into the various 
minuter forms depicted by M. Hayem in " The Archives of Physiology," 
pages 731 and 732. If this able investigator will trace these forms still 
further back, he will find that they are the disintegrations variously 
modified of partially coloured and colourless biconcave discs, and that 
it is these discs which are the true analogues of his oviparous 
hematoblasts. Vide section entitled '* An Examination of the Besearches 
of M. Hayem on the Development of Mammalian Blood." 

* If we place upon the tip of the finger a minute drop of saturated 
solution of salt, and prick through it so that the blood may flow directly 
into the sahne solution, the refractive power of the Liquor Sanguinis is 
modified, and it is found that if we run this mixture of salt and blood 
between glasses prepared according to the packing method before 
described, we can then see tlie outlines of the colourless discs, and 
the clear spaces which have hitherto been supposed to consist of Liquor 
Sanguinis only, are observed to teem with these discs. After a time 
specimens thus prepared become tinted with hsematin, and this 
stains the edges of the colourless discs, and renders them still more 
apparent. 
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of salt, I first carefully went into the question of its effects 
upon the viaihle corpuscles. 

This solution has a certain limited power of dis- 
solving haemoglobin, but it is an action that is soon satis- 
fied, for I have kept corpuscles in contact with it for a 
week in hermetically- sealed tubes without much change 
either in the colour of the corpuscles or of the solution. 
When blood is added to such a solution, there is no doubt 
that all the coi-puscles give off a minute quantity of colouring 
matter. This action, while it would tend to render all the 
corpuscles a shade paler, also levels up the surrounding liquid 
to their colom*, and so certain of the paler corpuscles disappear, 
not simply because they have lost colour, but also because the 
solution has gained it. Even when water has been added to 
blood, so as to render the corpuscles almost indistinguishable, 
we have only to get them out of the coloured serum to see that 
they have individually lost but little colour, and that the action 
has been mainly one of levelling up. Such ghost - like 
corpuscles placed again in uncoloured semm are still seen to 
possess a pale yellow tint. 

After I had satisfied myself of the existence of coi-puscles 
tliat could not be seen, it did not seem to me a matter of 
much importance that a few pale visible corpuscles should be 
by this levelling-up action added to the invisible set. 1 adopted 
tliis method merely to prove what might a priori be expected, that 
the colourless discs would be brought into view by alteration of 
the refi-active index of the liquid in which they lie, and also to 
preserve them, so that they might be stained, for after I had 
acquired the knowledge that these corpuscles were the jibnn 
factors, it occuiTed to me that, as neutral saline solutions 
prevented coagulation, they might do so by hindering physical 
changes in these coi*puscles, and on examination I found this 
view to be coiTect. My critic proceeds : — *' I therefore sought 
for other means of changing the refi*active index of the 
serum, such as fixing the blood immediately it is shed, with a 
two per cent, solution of osmic acid, and by diluting the blood 
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thus fixed by large quantities of distilled water. Li such solu- 
tions in which the coi^puscles have been preseiTcd in their 
noimal condition, and the serum so diluted that its refractive 
index is changed, I did lutt succeed in obtaining any titans- 
parent corpuscles, examined in thin layers, in the ordinaiy 
manner." 

On this I would remark that I should not expect to do 
much in the way of altering the refractive index by that 
method, because the blood liquid contains only J per cent, of 
chloride of sodium. It would not by any means produce such 
a difference in density as is effected by using a saturated 
solution of salt, and, therefore, if we did not biing into view the 
colourless discs by this method, we should have no right to infer 
that they did not exist. My critic considers that the osniic acid 
prevents the corpuscles losing their colour; that, in flEuit, 
it fixes the colour, and therefore no colourless corpuscles 
are present, because none have been produced. I have 
repeated this experiment by pricking through a di'op of osniic 
acid on the tip of the finger, bringing the blood directly 
into contact with this fixing agency, mixing quickly and 
perfectly. I find that, if this mixtmo is run imder glas&es 
prepared for the packing method, the colom'less corpuscles 
are present, as usual, having, I think, a little more distinct- 
ness of outline. Having thus ascertained that the osniic 
acid so applied did not interfere with their presence, I 
proceeded in a second experiment to dilute with water, 
and here, too, I found colourless discs present in abundance. 
The failure of my critic to see them must probably have arisen 
from the fact that there was great paucity of corpuscles, with 
excess of liquid. If we run the whole of the preparation under a 
large mica cover, taking care that when it is laid down there is 
still ample space for liquid to filter oft*, we shall find, after a 
time, that the colomiess discs will come into view in the 
free spaces between the red corpuscles. In about an hour 
they may be seen to greatest perfection, for by that time the 
layer of liquid above them has become sufficiently thin. 
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They may, however, be seen in some parts as soon as the 
preparation is made. 

The statement, therefore, that **if the refractive index of 
the serum be changed by means which are conservative and 
not destructive of the integrity of the red corpuscles, the 
transparent or third coi-puscle cannot be found by any of the 
ordinary methods of observation," I cannot accept as correct. 

In conclusion the principal reasons why the invisible 
colourless discs cannot be regarded as decolourised red discs may 
be thus briefly summarised : — 

1. — In the methods of ** impact," of ** packing," and of 
** isolation, " neither pressure, compression, nor violence are 
present, and if they were, they could not convert coloured 
into, colourless discs. 

2. — These colourless discs exist under conditions in which 
the decolourisation of red corpuscles cannot occur (colloid 
method. ) 

3. — The colourless discs can be stained by a preparation 
(aniline blue) which contains that proportion of salt (J per 
cent.) affirmed by others to be consistent with the retention of 
colour by the corpuscles. This preparation, when of the proper 
strength, does not stain the red corpuscles. 

4. — They are present, as usual, when the blood is intro- 
duced directly from an artery into a J per cent, solution of salt 
fully saturated with haemoglobin. 

6. — They have neither the physical nor chemical constitution 
of decolourised red discs, but of lymph or gland corpuscles, 

6. — The disintegrative changes which take place in these ' 
corpuscles give rise to the formation of fibrin in the blood, and 
the fibrin which is formed in the lymph has its origin in similar 
changes in the most advanced gland corpuscles. 



SECTION III. 



On the most Successful Methods of Staining the (.'orpuscUs of tJie 

** Fugitive Group.'* 



Difficulties of a very special character associate themselves 
with the attempt to bring out the colourless and the intermediate 
discs of the blood by means of stains. Had this not been so it 
is probable that these corpuscles would have been long since 
discovered during the study of the white blood corpuscles by 
these methods. 

The corpuscles of the ** Fugitive Group " have a mode- 
rate affinity for certain stains, which diminishes in the ratio 
in which they assume colour. As the biconcave discs of the 
blood represent one continuous graduated series, without break, 
it is not to be expected that the staining will occur in any other 
than a graduated fashion, that is to say, there will be no sharp 
line of demarcation, on one side of which we may place discs 
which become stained, and on the other discs wliich do not 
stain at all ; but if we take the extremes, viz., on the one hand, 
the invisible corpuscle which takes the stain strongly, and on 
the other, the fully coloured red disc which refuses to take it at 
all, we can readily place the intermediately stained corpuscles 
in then* proper position in the graduated series ; thus, if we use 
aniline blue, which is an excellent stain for this pm-pose, we 
shall find that the invisible corpuscles stain of a deep blue tint, 
while those corpuscles which have acquu*ed a little hsBmoglobin 
assume a greenish tint, and those which have much, fail to stain 
at all. 

These differences in relation to the dye are foimd in the 
varying chemical composition of the corpuscles themselves. A 
body consisting mainly of paraglobin is imdergoing gradual 
conversion into hsBmoglobin, the former has an affinity for the 
stain, while the latter has none, hence the corpuscle stains in 
the inverse ratio of its degree of colour. 
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The green tint presented by some of the intermediate 
corpuscles is simply due to the combination of the blue aniline, 
and the yellow hsBmoglobin. 

The staining processes may be divided into the wet and the 
dry. In the former it is sought to stain the corpussles as they lie 
in the Liquor Sanguinis, and in the latter after withdrawal from 
this fluid. Each condition requires its own peculiar treatment. 

Wet Method. Staining the corpuscles as they lie in the 
Liquor Sanguinis is rendered difficult by two circumstances. 
1 The Liquor Sanguinis possesses a singular property of prevent- 
ing the staining of the fugitive corpuscles and also of discharging 
the colour from them after they have already become stained. 
This renders it necessary to use a strong staining fluid and such 
mechanical arrangements as will tend to bring the whole of the 
corpuscles into contact with the staining fluid. 2 Strong 
aniline blue solution breaks up the colourless discs into granules. 

If we take a drachm of a f per cent, solution of salt, and 
add to it 2 J or 3 grains of aniline blue, dissolve and filter 
through flannel or lint, we have a fluid which will stain the 
corpuscles of the ** Fugitive Group" — the invisible ones blue 
and the others blueish green, or greenish blue, according to 
their degi'ee of colour. 

This preparation requires, however, to be used in a 
particular way. 

Let a cover-glass be attached to the slide, and a little blood 
allowed to run under, sufficient to fill about a fourth part of the 
space, and then let the stain be introduced at the same spot. As 
it passes in it will sweep the mass of the corpuscles before it, but 
many of the younger corpuscles have already attached themselves 
to the slide and cover, and will be found to be deeply stained. 

When we try to use this stain in other ways, say by adding 
it to the blood, either by pricking the finger through a small 
drop of it, or by placing a drop of blood and a drop of staining- 
fluid in juxtaposition on the slide and allowing them to mix 
when the cover is lowered down upon them, we get quite a differ- 
ent state of things — we see only large masses of stained granules. 
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These owe their origin to the breaking up of the corpuscles, 
which we desire to stain and display. 

This is due partly to the fact that time had not been allowed 
them (as in the first case) to become attached to the glass, prior to 
their being attacked by a more limpid, that is a less colloidal 
liquid, than their natural plasma, and partly to the granulating 
action of the aniline. 

With a view to obviate tliis, staining fluids were made, con- 
taining different quantities of albumen, but it was found that 
although this substance prevented granulation it did not prevent 
the invisible corpuscles from adhering together in smooth masses, 
80 that now we had corpuscular, instead of granular masses. 

It was clear that, for successful staining, something must be 
done to retain the corpuscles in the same non-adhesive state 
which they possess when in the blood current. Many substances 
were tiied with this object, but the best of these proved to be 
ordinaiy white cane sugar. When this substance is used in 
proper quantity it completely holds in check the adhesiveness 
of all the coipuscles. 

Various ways suggest themselves for the use of this re-agent, 
but they are by no means equally good. The method which I 
advise, and which I have found to be most successful after many 
tiials, is to reduce the sugar, in the first place, to an impalpable 
powder — taking a portion of this powder, place it on the tip of 
the finger, and prick through it, so that the blood may come in 
contact with the sugar immediately it leaves the vessel — blood 
may thus be converted into a syrup of any degree of consistency ; 
this blood syrup may be run under a cover glass at one side, 
and the saline aniline may be nm under at the opposite side. 
When the blood syrup and the stain meet each other the 
invisible corpuscles will be seen to stain at the line of contact. 

In order that these corpuscles should be quickly stained, it 
appears to be necessary that they should come into contact with 
the staining fluid while it is at its ftdl strength, or at least before 
it has become much diluted by the Liquor Sanguinis. It might 
be thought that to meet this difficulty it would be only 
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necessary to increase the strength ot the staining fluid. This 
is not so, for if we tinge the whole of the blood liquid deeply, 
the corpuscles stain, but they do not become properly visible, 
because they still lie in a liquid, having pretty nearly, if not 
quite, the same colour as themselves. What is really wanted 
is that they should stain, and then leave the stained liquid for 

a Hghter one ; besides, if we use the staining fluid too strong, 
there is an increasing liability to stain also the red corpuscles. 

The following is a very good method for getting a general 
idea of the varying degrees of staining power possessed by the 
corpuscles of the ** Fugitive Group," and for shewing that 
the permanent group has little or no disposition to stain : run 
under a cover glass sufficient, f pSr cent., of salt solution to fill 
the space quite full, then place on the end of the finger a little 
very finely powered cane sugar, prick through it and squeeze the 
finger so that a small drop of blood may exude into the sugar, 
mix well with the needle and then add a drop of about the same 
volume of 10 per cent, anilme blue in f per cent, of salt 
ijolution, mix as before, and then transfer to one edge of the 
cover glass, and examine under the microscope the portion of 
blood which runs into the cleai* saline solution at the edge of 
the cover — saturated solution of cane sugar under the cover 
glass is an excellent variation of this experiment — in it the 
stained corpuscles retain their colour for a longer period. 

Glasses arranged as for the packing method are exceedingly 
useful to show the effects of staining. The blood may be mixed 
as usual with a small portion of sugar on the end of the finger, 
and to this may be added a small quantity of a J per cent, 
saline solution of aniline blue (10 per cent.), and after well mix- 
ing with the needle the preparation may be run under the cover 
glass. The colourless discs will first be seen in the unstained 
state in contrist with the deep blue surrounding, subsequently 
they will stain and become lost to view, and will afterwards re- 
appear as they become more deeply stained than the tinted 
Liquor Sanguinis in which they lie. This metliod has the 
advantage of proving that the corpuscles which become stained 
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are the seK-^ame corpuscles which show themselves as clear 
circular spaces when the packing method is employed. 

Mica covers may also be employed, time being allowed for 
the corpuscles to stain and pack. Li all other respects we 
proceed as before. 

Dry Method, Whenever red blood coi-puscles are allowed 
to diy upon the slide, e,(j, after being picked out of the blood by 
the * method of isolation,' or after being spread by means of a 
glass rod, it is impossible to subsequently add to them aqueous 
solutions of any kind, or even Liquor Sanguinis of fresh blood 
without causing solution of then* liaBmoglobin. In such cases, 
therefore, it is necessary before applying any staining fluid to 
thoroughly fix the coi*puscles by subjecting them, say for five 
minutes, to the vapours arising from a saturated solution of 
osmic acid. After this treatment the staining fluids may be 
used with impunity. All diy specimens fixed with osmic acid 
require that the strength of the aniline blue shall not be less than 
2 per cent., and that it shall be applied for about two minutes. 
It is necessary to add that the colom* must not be washed oflf^ 
but removed by capillarity as in the * isolation method.' 

In no case must the blood be allowed to dry between the 
osmic acid and the appHcation of the staining fluid, as thia 
renders the specimen impermeable to liquid, and therefore 
hicapable of absorbing the stain. 

Many of the corpuscles which stain would of course be 
visible in the absence of the staining, but others, Le.y the 
youngest ones, are neither visible or capable of being photo- 
graphed ; indeed, some of the corpuscles which stain of a 
deep blue tint, and are therefore now exceedingly patent to the 
eye, are still incapable of being photographed, while others that 
have stained nearly as much may be shown by photography, 
owing tt) the fact that they possess a sn^all amount of 
liaBmogloblin. We can, therefore, by this means, distinguish 
among the coi-puscles which stain tliose which contam a little 
and those which are free fi-om hsBmogoblin. This matter haa 
been made the subject of special investigation. 



Section IV. 



An Eocaminatian of the Researches of M, Hayeni on the Development 

of Mcnnnmlian Blood. 



In the year 1877 M. Hay em presented to the Academy of 
Sciences, and to the Society of Biology, a new research upon 
the blood, imder the title of ** Eecherch^s sur revolution des 
H^maties dans le sangMe Thomme et des vertebrates." 

This was subsequently published in detail in 1878, in the 
Archives of Physiology.* 

It is the object of this paper to examine into the accuracy 
of these views, so far as they relate to mammalian blood, and 
also to point out the connections they have wit^ my own 
published researches upon this question. 

In doing this the better plan would seem to be to begin by 
a careful statement of the views of M. Hayem, allowing him 
to give his own description of the bodies to which he specially 
draws attention, and subsequently to examine the methoda 
which he employs to display them, and finally to set forth the 
conclusions at which I have myself arrived after traversing the 
same ground. 

In the first place, this author affirms that there are in the 
blood of all vertebrate animals small elements which are 
neither white nor red corpuscles. These elements ** may," he 
says, **be styled the germs of the red corpuscles, and are the 
youngest forms of them." He proposes to call these elements 
hmmatoblasts. It is freely admitted that these bodies are not new 
elements of the blood, and that the facts which are now adduced 
respecting them are not all new, and that many authors have 
given descriptions which may be considered with more or less, 
probability to refer to them. 

M. Hayem does not undertake to discuss the origin of these 
elements, nor the different forms which they may assume 

* Archives de Physiologle, normale et Pathologique, publiees par Messieurs 
Brown Sequard, Charcot, Vulpian. 
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during the several periods of tbe evolution of their being — ^nor 
the manner in which they are formed, nor tlie organs in which 
they arise. 

Taking the animal at birth, he devotes himself exclusively 
to the examination of its blood, in order to arrive at its exact 
anatomical constitution. 

It is important to remtu'k that the bodies to which he 
desires to draw attention are visible elements of the blood 
which may be seen as readily as the white and red corpuscles, 
without the addition of any re-agents or the adoption of any 
arrangements differing from those usually employed. 

The various methods suggested and explained are directed 
mainly to the preservation of these bodies for a lengthened 
period — to the maintenance of their true form, and to the 
retention of their colom\ 

Thus, we are told, that in order to properly examine the 
hsBmatoblasts, it is absolutely requisite to take the blood as 
soon as and in the condition in which it leaves the vessels. 

The following is the method of procedure : — ** Clean the 
glass-plates with alcohol or ether ; diy them carefully, then fix 
the cover-glass to the slide, by dropping at each comer of the 
former a spot of melted paraffin. A capillary space is thus 
obtained to receive the blood. 

** Place the slide upon the stage of the microscope, so that 
the elements of the blood may be observed immediately they 
penetrate by capillarity between the two glass plates. 

**It is necessary to employ considerable magnifying power,-*' 
and to cause the blood to drop upon the edge of the cover-glass 
at the very instant at which it is squeezed from the pulp of the 
finger. 

**As soon as the blood arrives at the capillary space, it 
i-ushes in with great velocity, and the various elements may be 
remarked quickly passing and rolling about. 

" At certain points, which are easily distinguished, the blood 



* Oc two or three — ob. 5 Nachet. 
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current is slower, and here the elements sought may be 
perceived. Thus, among the red and white corpuscles may be 
remarked other very small ones, which, at first sight, seem to 
be very delicate and pale red corpuscles. 

** Almost as soon as seen they begin to change, throw out 
points, adhere to the glass, double up, grow pale, consequent 
upon the loss of the whole or a portion of their hsBmoglobin^ 
and tend to join themselves to other corpuscles which they 
encounter, so as to form a mass. 

** Sometimes they arrest a passing red corpuscle, which 
adheres to a point of their circumference, whilst the current 
tends to drag it along, causing it to assume the shape of a pear. 
After some time the red coipuscle disengages itself and passes, 
on to contribute to the formation of rouleaux, and the small 
elements remain isolated, or form wreaths or groups with each 
other. 

** By this time they are much changed, and almost irrecog- 
nisable, but their presence has been now ascertained, and their 
transformations have been followed, and the fact estabUshed 
that in addition to the red and white corpuscles, the blood con- 
tains some peculiar elements which change their appearance 
very rapidly." 

In order to permit of these bodies being investigated with 
greater deliberation various methods are proposed, which are 
held to be calculated to delay or prevent the spontaneous 
changes to which they are so prone. 

Thus, the above experiment may be repeated at a tempera- 
tui'e of 0° Gent, or lower. 

All M. Hayem's experiments were made in the open air during 
the winter, so that everything was cooled down to or below the 
zero point. 

'•It is easy, however, by the use of the cold stage, (as 
suggested by M. Hayem,) to repeat these experiments at 
ordinary temperatures. M. Hayem has obtained the best results 
at 1** Cent., but good observations may be made at 
from 1® to 1°'5 Cent. In this case the '*red corpuscles 
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arrange themselves in rouleaux as at ordinary temperatures 
and in the spaces between the rolls there may be seen small 
very delicate bodies, isolated or gathered into groups of two, 
three, four, or five, seldom more." 

'* These small bodies arc remarkably clear in outline, 
although very delicate and thin ; the majority of them are 
obviously discoid, biconcave, and slightly coloured, others are 
elongated, and have a kind of pedicle more or less long." 

Other methods have been employed, such as the use of 
osmic acid, of bichloride of mercury, and of spreading and 
and drying the blood. 

From the results obtained by these various methods the 
author feels himself able to give the following definitions of 
these bodies : — 

*^ Definition of so-cailcd hfrmatoblasts (as seen at the tempera- 
ture of room.) — Very little coi-puscles, resembling at first little 
red globules, very delicate and pale ; almost as soon as seen 
they begin to change, throw out spikes, adhere to the glass, 
double up, grow pale by loss of the whole or a portion of their 
liaemoglobin, attach themselves to other corpuscles which they 
encoiuiter to form a .mass, remain isolated, rr form wreatlis 
or groups, and after a time fade away and become 
irrecognisable. (As seen at the temperature of 1®:) — Small, 
very deHcate bodies, in groups of two, three, four, or five, 
remarkably clear in outline, although vei-y dehcate and thin, 
the majority obviously discoid and biconcave, slightly coloured, 
others elongated, and having a kind of pedicle more or less 
long ; some show themselves as staffs, (batonettes,) or grains of 
rice. They are mostly elements seen edgeways, and have con- 
sequently greater refractive power, and arc suiTounded by a 
deeper shadow than tliose which are seen flat. They are per- 
fectly homogeneous, and have smooth sui-faces, a colloid look, 
and nearly always a perceptible greenisli or yellowish tint, so that 
their substance resembles that of a red corpuscle, but shghtly 
colom-ed. The smallest, which have no granulations, are some- 
times colom'less, but bear no resemblance to the white corpuscles. ' 
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In respect to size they are stated to have a diameter of 1*5 
to 8-l,000ths of a millimetre/'' 

M. Hay em gives a further description of these bodies, which 
is worthy of notice from the fact that it recognises that they ai'e 
composed of two distinct substances, and that they possess 
definite relations to fibrin formation. 

He says, ** using a magnifying power of from 500 to 800 
diameters, it is easily seen that these bodies are angular, and 
that they present two parts, more or less clearly divided, the 
one being the circumference, which is greyish, or finely 
granulous, the other being the central part, which is corpus- 
cular, glossy, ovoid, and considerably refractive. Their first 
alteration consists of a kind of contraction, which renders them 
more brilliant and sparkling, and causes the exuding around 
them of a peculiar kind of matter." 

**The substance which is thus exuded by the hsBmatoblasts 
is very viscous, and this explains satisfactorily the formation 
of small masses. When first seen, the hsBmatoblasts, which 
are united together, have the form of small angular grains, or 
little stars, and form frequently garlands, in which each grain 
can be picked out. Then these small corpuscles appear to 
attract each other strongly, and the viscous substance whicli 
surrounds them tends to form a common mass, in which the 
constituent elements place themselves and become mixed. From 
the edge of this small mass a great number of fine prolongations 
may jut out." 

I shall now endeavom* in the light of my own researches to 
identify these corpuscles of Hayeni, and to ascertain whether or 
not they are bodies with which I am acquainted, and if so, ask 
myself in what position I have already placed them in my 
scheme of the development of the blood, and also what histo- 
chemical properties I have ascribed to them. 

The formed elements of shed blood which can now be 
demonstrated to exist, in addition to the well-known red and 
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white coi-pusclos, and the iibriu, are : — 

I. — The invisible corpuscles or colourless discs. 

II. — The pale visible corpuscles which occupy an inter- 
mediate position, and fill up the gap between the former and 
the red disc. 

III. — These colourless and pale intermediate corpuscles in 
incipient states of granulation presenting the appearance of small 
groups of adhering granules. 

IV. — Masses formed by the coalescence of such granulating 
coi-puscles. 

V. — Isolated or separate granules, resulting from the 
complete breaking up of these corpuscles and the masses which 
they fonn. 

VI. — Minute granules due to the disintegration of the 
ordinaiy white corpuscles. 

Among these structiu-es I have no difficulty in identifying^ 
the elements which M. Hayem has mistaken for the germa 
of the red coi*puscle. 

They are, without doubt, the modified forms of the yoimger 
discs, which 1 have described under the collective term of the 
'* Fugitive Group," and they have consequently no more claim 
to be regarded as the germs of the red corpuscle than thia 
derivation may confer upon them. 

The task of identifying these bodies has been rendered very- 
easy, by the minute and accurate descriptions which M. Hayem 
has given of their size, colomr, chemical and physical properties, 
jind of the relations which they boar to fibrin. Before, however, 
proceeding further, it may perhaps be worth while to compare 
the general properties of these bodies with those which 1 have 
n scribed to the intermediate corpuscles of the ** Fugitive 
droup." 

I. — They are described as possessing colour, but ai*e 
novertlieless paler, that is, less highly coloured than the red 
coi^puscles. 

II. — They exhibit adhesiveness, and by this means attach 
themselves to the glass, and also form gi'oups with each other. 
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in. — They are often described as possessing a liquid, 
lustrous, highly refractive appearance. 

IV. — They are very fragile, quickly undergo change, and 
suffer both in form and conspicuity. 

v.— They associate themselves in certain definite .ways 
with fibrin formation. 

VI. — They have certain well-marked relation to stains.* 

By reference to my previous papers, the reader will see that 
these are precisely the chemical and physical properties which 
my investigation has brought out in respect to the ** Fugitive 
Group" of discs, some of which quahties are in fact implied in the 
designation. There is another property, on which I have laid 
particular stress, and which explains the varieties of form and 
size under which bodies possessing these properties appear in 
shed blood, this is the extreme tendency which the intermediate 
corpuscles of the "Fugitive Group " have to present themselves in 
modified and granulated forms. It is not, however, my inten- 
tion to rest on these general analogies, but to give actual 
examples of the disintegrations of the corpuscles of the ** Fugitive 
Group," and to show that these are the bodies described by M, 
Hayem. The proof will consist, firstly, in showing that the 
corpuscles of this group break up into bodies, having the size, 
form, and colour of M. Hayem's haBmatoblasts, and secondly, 
in Remonstrating that if measures be taken which prevent the 
breaking up of these corpuscles no such bodies can be found in 
the blood, thus affording both positive and negative evidence of 
their fragmentary character. 

I shall then, in the first place, confine myself to tracking 
the visible corpuscles of the ** Fugitive Group" through their 
various modifications and transformations, and, in order to do 
this methodically, I propose to fix the attention of the reader 
upon a group of corpuscles withdrawn firom firesh blood, by the 
'* method of isolation," in combination with the use of the vapour 
of osmic acid — vide Plate XII., Photograph 61. In this group 
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there are to be found examples of every kind of blood disc, 
ranging from the colourless or invisible to the full red corpuscle. 

We have here, in a limited space, tlie means of studying 
some of the peculiarities of all these discs, and we observe that 
even here, presei'ved as they are by artificial means calculated to 
fix them at once in the condition in which they happen to be at 
the moment they were withdrawn from the blood, great differ- 
ences exist. Thus we notice that the yomigest of the series 
actually lie among the others very much as a simple liquid 
would do, sending in linger-like processes between the more 
stable corpuscles. 

From this we leaiii that the most primaiy coi'puscles are 
not only as colourless as the Liquor Sanguinis, but that 
they are in the nonnal condition of the blood, nearly as 
liquid, and this, no doubt, furnishes another reason why they 
have not been earlier observed. 

When fi'om these we pass to such as have a slight trace of 
colom% we note that with this accession of colom* there is like- 
wise a corresponding power of retaining form ; but even these 
corpuscles are seen to be large in comparison with those still 
more coloiu:ed, owing to their greater disposition to spread out 
upon any surface with which tliey may come into contact. The 
most coloured have, therefore, the smallest diameter, because 
their disposition to do this is least. After blood is shed there 
appears to be also a disposition on the paiii of even the 
young coloured corpuscles to increase m size, probably from 
the imbibition of liquid, vide Photogi'aph 89, Plate XIV. 

In groups such as those shown in Photograph 61, 
we have, therefore, liquidity, size, and colom* tc guide us 
in our conclusions as to the true position in point of age 
of the corpuscles which constitute them, and we are thus, 
enabled, without difficulty, to place these corpuscles in their 
proper serial order, the one extreme of which is represented 
by a liquid colourless disc, and the other by a comparatively 
stable, highly coloiu-ed one. Between these two extremes lie the 
series of coi'puscles, which, for convenience, I have termed ** the 
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intermediates," and these must be also held to occupy an inter- 
mediate position in respect to the whole of their physical and 
chemical properties. Those which are more closely related to 
the invisible corpuscles will approximate to them in property, 
and those which are nearest the more highly coloured ones to 
them. 

I have stated before that the so-called hsBmatoblasts of 
M. Hayem, so far from being the germs of the red corpuscle, are, 
in reality, modifications and disintegrations pf its younger forms, 
that, in fact, they are connected, not with the integrity and life 
of the corpuscle, but with the changes which accompany its dis- 
solution and disappearance as a corpuscular structure, changes 
concurrent with the shedding of the blood. 

It will now be my duty to show how the intermediate 
corpuscles give rise to these bodies, and to describe and illus- 
trate the various stages of the changes which these corpuscles 
undergo before they reach that state of complete granulation 
which has been so frequently recognised in the blood, and from 
which point they have been so carefully and minutely described 
by M. Hayem. 

In every experiment where fresh blood is submitted to 
examination, either at ordinary temperatures, at blood heat, 
by means of the warm stage, or at the freezing point or below, 
there appear, in addition to the red and white corpuscles, a 
number of variously coloured groups apparently formed of 
minute granules, and also isolated granules of the same kind as 
those* which form the groups. Such isolated granules, and 
granule-groups, may be seen in Photographs 45, 64, 65, 68, 70, 
71, 72, 75, 79, 80, 81, 87, 90, 91, 92, and 98. 

It is with the nature and origin of these granules and 
granule groups (real and apparent,) that we have now to 
concern ourselves. M. Hayem's conception is that they are 
distinct bodies, which, being mutually adhesive, have become 
united with each other into little groups. This view is not, 
however, invariably coiTcct, for I find that some of the smaller 
apparent gi'oups, which arc seen when the blood is first inspected. 
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are, in reality, corpuscles in the act of undergoing granular disin- 
tegration. This is readily seen by removing from them the 
Liquor Sanguinis by the method of raising the cover — (isolation.) 
These granulating corpuscles, havuig already adhered to the 
glass slide and cover glass, are not removed with the bulk of the 
blood, and we are then able to ascertain clearly that they are 
in reahty adhering corpuscles, which are undergoing two 
distinct forms of disintegration, which I propose to distin- 
guish as the rosette and granule fonn. In the first case bodies 
are produced having a white border, formed of smooth granules, 
and a centre, which has a greenish, aqueous, lustrous look, 
and we become aware at once, bo ill from their size and their 
general appearance, that we have under our eyes young blood 
discs in a modified state, and we are also aware, too, that we 
are witnessing the manner in which some of the free granules 
seen in the blood are formed. 

By the use of the warm stage we appear to facilitate this 
change, for we find that the white borders of the specimens 
so prepared are more spiked and star-like. — Vid£ Photographs 
67 and 69, Plate Xn. 

As the gi'een, lustrous centres photograph of a rather dark 
tint, we know that the change has occurred to corpuscles 
possessing some colour. On the other hand, when an ice-cold 
temperatm-e is used, the action seems to be more confined to 
less advanced coi-puscles, that is, to those possessing less colour, 
or the more primary ones. — Vide Photographs 62 and 68, Plate 
XTI., and their descriptions. 

The central, greenisli-looking, lustrous paiii constitutes a 
sort of centre or focus, from which coloured fibres frequently 
radiate in every direction. 

Broken portions of these corpuscles appear to behave in 
the same manner as entire ones, the fragments also becoming 
surrounded by a white exudation border. — Vide Photograph 68, 
Plate XII., and description. 

As a consequence, these centres are very variable in 
size, some of them being produced by the green, lustrous 
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portion of entire corpuscles ; others by that of several 
corpuscles fused into a mass ; and others by that of fragmentary 
jiortions only. It is by the changes which occur in the centres 
of these corpuscles and of their granules that the radiating kind 
of fibrin is produced. It must be borne in mind, however, that 
this is only one mode in which fibrin is formed. 

I have previously pointed out that the corpuscles of the glands 
and of the spleen exude, under certain circumstances, a content 
matter which is more colourless and liquid than their exterior. 
This material frequently arranges itself around the contracted 
pellicle which previously contained it, and thus a nucleated cell 
is simulated. At other times the content matter gets entirely free 
of the pellicle, and it then swims freely about, presenting the 
appearance of a homogeneous liquid globule. This observation 
seems to afford .the key to several similar changes which occur in 
connection with the ** Fugitive Group" of discs. As these discs 
are now to be regarded in the light of gland discs in a further 
stage of development, it may reasonably be expected that they 
will continue to agree with these in at least some of their 
properties. 

The green lustrous corpuscles, which become the centres or 
foci of radiating fibres, appear to present us with the same 
phenomenon in a slightly modified form. "When intact, they 
present themselves as lustrous, liquid, colloid, greenish 
corpuscles, having no perceptible difference of composition, 
giving the idea of perfect homogeneity of constitution ; but we 
soon find that we can track them through various changes, 
which commence by the appearance at their edges or borders 
of a white matter, which appears to gradually exude, and to 
which the greenish matter which before covered the entire surface 
soon looks disproportionate in amount, and collects itself as a 
more or less irregular mass in the centre. — Vide Photograph 
69, Plate XII. The material which has exuded soon begins 
to granulate, and the granules are frequently set free in the 
Liquor Sanguinis. Occasionally we succeed in obtaining these 
corpuscles in the most incipient stages of transformation into 
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the rosette form, and it will be observed that the corpuscles 
which undergo this metamorphosis are a little less coloured than 
those which we have spoken of as the dififused-edged corpuscles, 
some of which may be seen close by in the same photograph. 
— Vide Photograph 66, Plate XII., and description. 

When a mass of granules undergoing this action lie 
together, the white matter which is exuded fuses, and forms a 
species of cement between them, so that the appearance is 
presented of dark granules, lying on or in a colourless sub- 
stratum. — Tide Plate XII., Photograph 72. This cement 
matter may gradually disappear, then granules of a darkisli 
colour alone remain to represent the so-called hsematoblasts. 
— Vide lower part of Photograph 68, Plate XII. 

So long as these rosette corpuscles, or their fragments, 
remain submerged in the Liquor Sanguinis, the white border is 
practically invisible, and the only part at all distinctly seen is the 
coloured central poiiiion, which takes on angular and irregular 
shapes, owing to the changes which are occurring at the border. 
After a time these centres become further distorted and 
diminished by the passage from them of radiating processes. 
What is true of the corpuscles is also true of the granules 
produced by their disintegration. — Vide Photograph 86, Plate 
XIV. The central parts of these corpuscles, and of their 
granules, are the only portions which are visible so long as the 
serum is present, and they have been described by M. Hayem 
as '^ isolated, angular, colloid hsBmatoblasts." 

These visible central parts are very variable in size, owing 
to the fact that they sometimes represent the green lustrous 
portions of several corpuscles which have become fused together, 
at other times the green portion of single isolated corpuscles, 
and at others isolated fragments of single coi-puscles. 

The visible radiating fibres which arise from these bodies 
appear to have their origin, not from the exuded white matter, 
which might a 2>^'io^'i have been anticipated, but from the 
central, slightly-coloured material, and this accounts for these 
fibres being visible in the Liquor Sanguinis, for if they had been 
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formed from the invisible corpuscles, t)r from the invisible part 
or exudation border of the slightly-coloured ones, we could not 
reasonably expect to see them. For a further verification of 
the facts connected with the rosette corpuscles, and their 
fragments or granules, the reader is referred to Photographs 
66, 67, 68, 69, 72, Plate XII., and their descriptions. 

Photograph 79, Plate XIII., shows how the rosette corpus- 
cles and their granules adhere to the glass and become 
surrounded by red corpuscles which enclose and support them, 
while the white borders of the isolated ones are spreading down 
and becoming lost to view, and simultaneously coloured fibres are 
proceeding from the central darker parts. This action represents 
the first step in the formation of radiating fibres from the 
rosette corpuscles. In Photograph 80, Plate XIII. the action 
has proceeded further, and the white borders of the rosettes 
have almost entirely disappeared leaving the central dark 
portions, which have become irregularly stellate and angular by 
fibres being dragged out of them (by corpuscles, which first adhere 
and then move on) to represent a group of so-called haemato- 
blasts. In Photograph 81, Plate XIII., the coloured radiating 
fibres are still better displayed, the white borders of the rosettes 
are entirely dissipated, and the dark central portions are under- 
going disintegration and conversion into fibres. In this 
specimen many red corpuscles are crossed by delicate fibres, 
which are cutting into their substance, and as the contraction 
of the fibre proceeds they will be completely cut into segments. 

I referred in my previous paper to the converse case to the 
one we have now been considering, in which instead of the white 
matter accumulating at the exterior of the corpuscles, it 
becomes gathered together into a single more or less globular 
mass in the centre. The coloured material being arranged as a 
zone or halo around it. — Vide Photograph 47, Plate IX.* It 
will be interesting to trace what becomes of this zone of 
coloured material, whether or not it spreads itself down, or 
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84 Dr. Norris on Mammalian JUood, 

becomes drawn out into fibres, as in the previous case. One 
thing these observations seem to render quite certain, namely, 
that like the lymph or gland corpuscles, these younger 
corpuscles of the blood are made up of two constituent 
elements, one of which is always darker or more coloured than 
the other, and this contrast increases ;;ro rata with the assump- 
tion of colour by the young corpuscles, and we have afforded us, 
moreover, the most positive evidence that the material which 
has become coloured is located upon the exterior, while the 
colourless material normally occupies the interior, and thus its 
presence is entirely masked. It does not appear that these two 
substances are in chemical imion, but that they are merely 
physically associated. 

If I might venture upon a hypothesis, I would suggest 
that the substance (paraglobulin ?) of which the lymph corpuscle 
is composed becomes gradually converted from without, inwards, 
by a series of changes into hremoglobin, the matter of the 
interior of the corpuscle being longer in undergoing this 
change. The corpuscles appear, however, to colour throughout 
their entire mass before they become hitjhbj coloured upon their 
surface, and the best fihre-forming corpuscles are those young 
ones which have become coloured throughout ; for the colourless 
disc has less tendency to make fibre, and it is only the coloured 
part of the very young corpuscles and their granules which 
usually do this. For an example of the corpuscles most 
concerned in the formation of radiating fibres, vide Photograph 
86, Plate XIV., and description. 

The changes which occur in these young mammal corpuscles 
strongly remind one of Briicke's division of the matter of the 
oviparous corpuscle into Zooid and Oekoid. 

Of these two substances the white matter seems to undergo 
subsequent changes by thinning and spreading down into very 
delicate, invisible films, and this occurs both with the corpuscles 
and their granules, and, as a consequence, the white matter 
disappears almost simultaneously with the formation of fibres 
from the coloured poi-tion. It seems, therefore, certain that 
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both these substances are concerned in fibrin formation, though 
they proceed to their goal in a different fashion. The two sub- 
stances of which these corpuscles, or the granules which they 
yield, are composed, are not only distinct as far as appearance 
goes, but they have also a chemical distinction, which is shown 
by the difference of their behaviour with stains. The central 
part can be stained by aniUne blue, while the border remains 
white. It is also quite easy to show that the substance which 
stains most readily is the one of which the radiating fibres are 
usually formed. 

Sometimes entire corpuscles which appear to be coloured 
throughout their mass become wholly resolved into fibres ; at 
other times fibres are drawn off from the peripheiy only. In 
this latter case the volume and size of the corpuscle is, of course, 
diminished proportionately to the extent to which this has 
occurred. M. Hayem has given drawings of such partially 
exhausted corpuscles, and has described them as hflBmatoblasts. 
For examples of these two kinds of action, vide Photographs 
78 and 82, Plate Xltl. 

The perfect or unchanged primary corpuscle, having upon 
its surface only a comparatively thin layer of this delicate green 
substance, cannot stain very deeply, unless the dye is very intense. 
In all cases where the greenish exterior matter accumulates, or 
concentrates, the staining appears more decided, but this is, of 
course, only due to quantity or thickness. 

Coagulation appears therefore to be preceded by a separation 
of the chemical constituents of the corpuscles, and of the 
granules which result from their disintegration. White 
fibrin being produced by a re-arrangement of the matter 
of the primary or colourless discs, and the coloured fibrin 
from the exterior of the intermediate corpuscles, and in 
addition to this there seems to be satisfactory evidence 
that some portion at least of the interior matter of the inter- 
mediate corpuscles also becomes resolved into fibrin. 

I have before referred to the fact that certain of the partially- 
coloured corpuscles sometimes undergo changes somewhat 
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dififercut to that which we have expressed uuder the designation 
of the rosette form^ iustead of becoming flattened, more extended, 
and presenting a white granular exterior, with coloured centre, 
the converse effect to this appears to take place, the centre of 
the corpuscle exhibiting itself as a white mass, while the 
coloured matter of the corpuscle remains extended aroimd it, 
as a sort of halo, and after a time, this circular band or halo 
may disappear, leaving nothing but the central white mass. In 
fact, apart from breaking up into granules, the younger corpuscles 
appear to be capable of two kinds of modification. Li the first 
place the white or colourless matter may burst or protrude through 
the coloured pellicle, which then gathers itself up into a central 
mass or nodule ; and in the second place the coloured pellicle may- 
tall away from the colourless material, exposing it to view, and 
allowing it to gather itself up into a globule. 

These colourless globular masses are of diverse sizes, 
according to the extent to which the colouring matter has pene- 
trated towards the centre of the corpuscle, and as the develop- 
ment of the latter proceeds they become smaller and smaller, 
and are at length obliterated altogether. — Compare Photograph 
47, Plate IX., and Photograph 73, Plate XIII. and their 
descriptions. 

These white masses appear to have the power to aggregate 
closely with each other ; whether the corpuscles aggregate first 
and subsequently losing their exterior allow the central masses 
to come closer together, or whether the aggregation takes place 
after the loss of the exterior colouring matter, I am at present 
imable to say. 

It may be that the falling away of the exterior and the 
aggregation into masses takes place simultaneously. When 
however, the aggregation of these masses has occurred, it 
sometimes goes on to complete fusion, and the result is the 
formation of peculiar sheets which have been before observed by 
Osier of Montreal, and Max. Schultze. 

All the corpuscles, I think, are competent to the production 
of these sheets, and they sometimes result fi'om the coalescence 
of corpuscles of various shades of colour. 
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Most of the large white masses, seen in shed hlood, 
probably originate by aggregation, in this manner. — Vide Vhoio- 
graphs 73 and 74, Plate XIH., and their descriptions. 

The bodies which contribute to the formation of the masses 
we have just described are much denser and larger in size than 
those which result from the breaking up of the white matter 
of the rosette corpuscles seen in Photograph 69, Plate XII. 

It now remains to describe the second form, in which the 
younger corpuscles constantly present themselves during the 
process of disintegration, which in contradistinction to the 
rosette, I have designated the granule-form. 

As in the case of the rosette form, all the corpuscles of the 
** Fugitive Group " are capable of undergoing this mode of change, 
but the primary corpuscle, nevertheless, is least of all liable to 
it, probably owing to its greater liquidity. The small groups of 
granules which have been supposed to be adhering hsBmatoblasts, 
are in reality in many cases nothing more than corpuscles of 
this kind, in process of granulation. This I have ascertained 
by removing the cover-glass, both at ordinary and at ice-cold 
temperatures, and viewing them in the absence of the obscuring 
influence of the Liquor Sanguinis. 

In many cases we are able to see corpuscles in various 
stages of disintegration, and can even count the number of 
granules into which they are about to become divided. 

In Photograph 70, Plate XII., a corpuscle may be seen 
in sitUj which shows ten or eleven distinct granules, and a 
second one which is more imperfectly granulated, considerable 
portions of the corpuscle still remaining intact. When the posi- 
tions of the granules in relation to each other become disturbed, 
they still continue to adhere to each other by virtue of the 
matter exuded from their interior, and they frequently form 
themselves into circlets and beaded rolls, which have been 
described by M. Hayem under the name of wreaths, garlands, 
and chaplets. — Vide Photograph 71. Corpuscles of the kind 
which yield tliese granules may be seen unaffected on the same 
specimen. 
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In Photograph 71, Plate XII., the same conditions may 
be seen in corpuscles a little more coloured, while the 
granules and the granular masses depicted in Photographs 62, 
64, and 66, Plate XII., are the products of the disintegration of 
primary or colourless discs, and in the latter case the granules 
are giving rise to delicate coloiu'less fibres. Photographs 90, 92, 

■ 

and 93, Plate XIV., also show the direct breaking up of corpuscles 
into granules. In Photographs 92 and 98, the various stages of 
the action are displayed, while in 90, the granular masses, or 
so-called haemiitoblasts, are represented. Photograph 91, Plate 
XIV., shows another mode in which coloured granules are 
frequently produced, by the segmentation and division of entire 
corpuscles. These fragmentary parts of corpuscles are often 
bi-concave in form, and have then the appearance of small bicon- 
cave discs. In Photograph 87, Plate XIV., is seen a mass of 
granules derived from the breaking up of comparatively colour- 
less discs. These are the so-called colourless haematoblasts. 
They often coalesce so completely as to form mere skins, or 
plates, which frequently take on irregular angular shapes as 
seen in Photograph 88, Plate XIV. 

A further somxe of the so-called hsBmatoblasts is found in 
the fact that corpuscles of all degrees of advancement are 
constantly being cut into fragments by threads of fibrin, which 
pass over and he upon them ; the fibre being fixed at its 
extremities cuts into the corpuscle when it undergoes its cus- 
tomary contraction. Such fragments can readily take on the 
bi-concave form. For examples of this process, vide Photographs 
76, 76, and 81, Plate XIII. 

All these granules and fragments yielded by the corpuscles 
of the ** Fugitive Gr,oup " are capable of being extended into 
fibres, and this appears to be the final form in which they 
become hardened. 

Photograph 76, Plate XIII., shows exceedingly well, young 
corpuscles breaking up into small granules, and the manner in 
which this granular debris becomes converted by extension into 
fine filaments of slightly coloured fibrin. 
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The cell wall and protoplasm of the ordinary white corpuscle 
also undergo granular disintegration, but the granules are easily 
distinguished from those yielded by the breaking up of the 
colourless discs, being smaller and more distinct, and never so 
far as I have been able to observe, entering into the formation of 
fibrin. Photograph 77, Plate XJH., represents the granules 
arising from the breaking up of the protoplasm of three white 
corpuscles. 

That we have in the foregoing investigations been dealing 
with the same bodies as M. Hayem is rendered obvious by the 
presence of the white exudation or cement matter, and by the fact 
that both researches show these bodies to result in fibrinous 
products. 

The changes which occur even in corpuscles having a con- 
siderable degree of colour are very imperfectly seen when the 
Liquor Sanguinis is present, and it is pretty certain that those 
which occur in the colourless discs, whether they be such as 
lead to the formation of rosettes, granule discs, granules, or of 
fibrinous networks, are entirely obscured. 

All this is altered when the Liquor Sanguinis is removed, 
for we are then able to follow the changes which occur in the 
most primary corpuscles, that is, in the discs which are free 
from hflBmoglobin. 

We then learn that the most profound analogies exist 

between the behaviom' of the colourless and the partially-coloured 

♦ 

discs, which together constitute the "Fugitive Group ;" that, in 
fact, they are capable of undergoing similar retrograde changes 
into rosettes, granule corpuscles, granules, and fibres, and also 
that masses of fused corpuscles undergo similar changes to 
single ones. — Vide Photographs 62, 68, 64, and 66, Plate XII., 
and descriptions. 

As before stated it not unfrequently happens that the frag- 
mentary portions of the corpuscles of the ** Fugitive Group " are 
more or less bi-concave in form ; and this appears to have had 
considerable influence in causing M. Hayem to regard them as 
young red corpuscles. It has, however, not the least value in 
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this connection, for the fragments of corpuscles will always take 
on this form, providing the Liquor Sanguinis is in the state 
favourable to its assumption and maintenance. 

It will be well to bear in mind that these fragments have 
all the mutability possessed by entire corpuscles, and can, 
therefore, present themselves as spheres or as biconcave discs, 
&c. These forms are entirely dependent upon physical condi- 
tions, and have nothing whatever to do with vitality. The fsuct 
that they can be produced by artificial means warrants this 
inference. — Vide Page 28 and Photograph 40, Plate VIII. It 
is here seen that perfect biconcavity exists in bodies as large 
as the red coi'puscles, and also in the smaller granules. 

In addition to what has been said, it may also be stated 
that it is quite possible to break up experimentally the red 
biconcave discs by methods which preserve to the fragments 
their biconcave form. 

The foregoing constitutes the principal proofs I have to oflfer 
of the mode and source of origm of the so-called hsBmatoblasts, 
which it will be seen I hold to be entirely extra vascular and 
accidental formations, associated with the shedding of the 
blood. 

Methods of Preventing the Formation of the so-called 

HiEMATOBLASTS. 

I shall now ask the reader's attention to certain methods, 
which I have found either partially or entirely to prevent the 
formation of these bodies, by presei-ving intact the corpuscles 
of the ** Fugitive Group." 

The principal agencies which I have employed for this 
purpose have consisted of modifications of the temperature and 
of the use of preservatives, such as osmic acid and cane sugar. 

Great stress is very properly laid by M. Hayem upon the 
importance of seeking for these bodies in blood which is 
perfectly fresh. A moment's reflection, however, will suffice to 
show us that neither blood which has become reduced to the 
ordinary temperature of the atmosphere, jior that wliich has 
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been sabjected to the temperature of zero, or lower, can be 
regarded in the light of £resh blood. Both these conditions, it 
mast be admitted, are exceedingly abnormal when we reflect 
that the natural temperature of the blood is about 98^^ Fall. 

This illusion has arisen out of the circumstance of the 
well-known power of the freezing temperatm*e to prevent 
coagulation and putrefaction ; but it by no means follows that 
intense cold is competent to prevent all the changes in 
corpuscles of which they are susceptible ; indeed, it is quite 
possible that it may induce or favour certain changes, and 
this really appears to be the case so far as granulation is 
concerned. 

It is also a well-recognised fact that the normal state of the 
white corpuscle is best preserved by maintaining the blood at 
its customary temperature. 

In perfect consistency with this fact, I find, too, tliat fewer 
so-called haematoblasts present themselves in tlie specimens 
when this method of preserving the coi'puscles has been 
adopted. 

There can be no doubt that cold holds in check those 
changes in the corpuscles which tend to resolve them or their 
granules into threads or fibres; but this is mainly, if not 
entirely, due to the fact that it temporarily suspends the 
properties of fluidity, adhesiveness, and viscidity, which so 
remarkably characterise the younger blood coi*pusclOB, and in 
the absence of which fibrillation does not appear to bo possible, 
Thus, although cold favours gi-anulation, it may entirely hold in 
check the process of coagulation by preventing the formation of 
fibrinous networks. 

When a maximimi amount of solution of osmic acid is 
added to blood, the green granules are seen very distinctly ; 
they are almost always single and isolated, and seem larger 
than usual. They may readily be observed in the interspaces 
between the red corpuscles, but are not as usual adherent to 
the glass, which may be known by the fact that tlicy undergo 
constant Brunonian movements. 
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Many of the red corpuscles are massed together, and there 
are sound reasons for thinking that in this case the invisible 
corpuscles form the cement matter which binds them to one 
another. When the cover-glass is removed, the red discs are 
seen to be much contracted, and they gradually become darker 
coloured when exposed to the air. 

Here and there may be seen small, smooth, green bodies, 
having a more circular outline than usual. These are the 
so-called hsBmatoblasts. 

As might be expected under such conditions, very few 
traces of fibrin can be observed. 

From these observations I have felt justified in concluding 
that the maintenance of the normal temperature and the use of 
osmic acid are both means by which the number of the so-called 
hsematoblasts can be greatly reduced ; but these agencies do 
not seem competent to entirely prevent their formation. 

During a series of experiments, conducted for the purpose 
of ascertaining the best method of preserving the corpuscles of 
the ** Fugitive Group," in order that they might be submitted to 
the action of stains,'*' it was found that nothing equalled 
ordinary white or loaf sugar, used in a certain manner. 

This does not lie so much in its power to preserve the 
normal forms of the corpuscles as in the great influence which 
it exerts over their adhesiveness, not only with each other, but 
with the foreign bodies with which they may come in contact. 

As this adhesiveness appears to be a necessary factor in 
the preliminaiy changes which the corpuscles undergo prior to 
the formation of fibrin, we can, by the use of varying quantities 
of sugar, so control these changes as to render it possible to 
track the whole series of corpuscular modifications and degenera- 
tions which eventuate in fibrin formation. 

The method of adding the sugar to the blood is of the 
greatest moment, for in no case must water be introduced. 
The plan I adopt is to reduce the sugar to an exceedingly 

' Vid^ Section ou Staiuin^. 



Db. Nobbis on Mammalian Blood, 93 

fine powder. A portion of this powder is then placed upon the 
end of the finger, and the prick is made through it, so that when 
the finger is squeezed the blood may come into immediate contact 
with the sugar and dissolve it. The liquid of the blood itself is 
thus made the solvent of the sugar. After thoroughly mixing 
with the point of the needle, the blood is allowed to flow, by 
capillarity, beneath the cover-glass in the ordinary way, 

I shall now endeavour to give an idea of the influence of 
different proportions of sugar used in the manner indicated. 

If we add a little only, say one part of sugar to three parts 
of blood, by volume, the adhesiveness of the red corpuscles, on 
which the formation of rouleaux depends, is not overcome, con- 
sequently these form nearly as usual. Certain white granules 
are also present, which are indicative of changes in some of the 
earlier forms of the corpuscles of the ** Fugitive Group." 

Little or no fibrin is, however, to be seen between the rolls. 
Delicate trail fibres may, it is true, be seen where the liquid 
has been driven back by an extension of the area of air bubbles. 
When the cover, however, is removed, we find that the primary 
corpuscles are laid down beneath the red ones, and on sub- 
sequently washing the slide, (after- the method of Eanvier,) 
layers of fibrin are observed, fireely perforated with small holes, 
which look like accumulating granules, also masses of granules, 
with white corpuscles adhering to them. 

If, on the other hand, we mix together in the same manner 
equal portions of blood and sugar, we prevent the formation of 
rouleaux, and also the formation of fibrin, but we do not 
altogether prevent the occurrence of the granular disintegrations 
of the corpuscles of the " Fugitive Group." 

Smooth, sheet-like bodies are formed, evidently by the 
fusion of corpuscles, of slightly different shades of colour. 
When these sheets are seen, after the removal of the cover 
and washing with water, they are decidedly fibrinous in 
character, their corpuscular origin being no longer apparent. 
In such specimens fibrin does not exist in any other form than 
in these sheets. 
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Of the so-called lisBmatoblasts, those contammg colour 
alone remam, the colourless ones being absent. 

In the third case, much sugar being added to the blood, 
three parts of sugar to one of blood, the formation of rouleaux 
is entirely prevented. The colom'less gi-anulations are absent,, 
and there is no formation of fibrin, for none can be seen, even 
after the removal of the cover, for no traces of either fibrin or 
corpuscles remam on the cover or slide. 

In these preparations there is also an entire absence of the 
so-called hsematoblasts, both coloured and uncoloured, and as, 
at the same time, all the coi-puscles of the " Fugitive Group '^ 
are preserved, I feel justified in holding the view that the sugar 
has entirely prevented these accidental products being formed. 

In the face of all this positive and negative evidence, we 
are inevitably impelled to the conclusion that the green lustrous 
granulcB and bodies which M. Hayem has termed hsBmatoblasts 
are nothing more than accidental products derived from the 

. breaking up of the corpuscles of the '' Fugitive Group," nameh/^ 
of those which have ohtahied some colour^ but under certain 
circumstances it is clear that the primary discs also contribute 
a certain proportion of granules, but this can only be shown by 
removing the Liquor Sanguinis ; hence none of the granules seen 
by M. Hayem were of this variety. 

All the granules, colom'ed and uncoloured, are capable of 

_ being converted into fibres, and, therefore, take their share 

'. in fibrin formation, and in the coagulation of the blood. 

. . ; It is a curious circumstance that it does not seem to have 
suggested itself to M. Hayem to enquire as to whether these 
minute and confessedly variable and irregular elements of the 
blood might not be due to the disintegration of some of the 

. .visible paler blood discs. 

. , . It appears to me unfortmiate that an exhaustive investi- 

jgationof this aspect gf the subject should not have been made 
.'bjefore venturing on a conclusion of such importance and 
..magnitude, jas. is contained in the statement, "These bodies^ 

are the germs of the red corpuscles, and I therefore propose 
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to call them hsBmatoblasts." It is clear that their only claim 
to be so regarded and designated must rest upon their 
being proved to give rise to the red corpuscles, and this, of 
course, involves the demonstration that, beyond all reasonable 
doubt, they develop gradually and regularly into these bodies. 
There are only two circumstances which can possibly justify 
us in concluding that one body is the germ of another — either 
we must observe, without break, the entire process of evolution 
and growth, or w€ must be able to place the several elements 
which we find in appropriate numbers in such serial order that 
the transitions from one to the other shall be easy and obvious. 
4n attempt to do the latter, it is time, has been made by 
M. Hayem, but it is to my mind very unsatisfactory. 

In order that my readers may possess the opportunity of 
forming their own judgment as to its value and conclusiveness, 
I have introduced the diagram which M. Hayem furnishes 
and on which he relies. It may be seen on Plate, XIV » Fig. 6, 
and its description is as follows *: — 

Elements seen m the blood, prepared by the aid of 
liquid A * (a) adult red globules, (b) youijg globules more or 
less deformed, intermediate forms between -the hsematoblasts 
and the adult red globules. 

It will be observed, in the first place, that the specimens 
brought together are selected from preparations which have been 
subjected to the action of a re-agent, and secondly, that they 
do not by any means fulfil the canon of easy and obvious transi- 
tion which has just been laid down. It will be noted that they 
are very irregular in form and size, and in state, as to corruga- 
tion or smoothness, and that in no case could we pass with any 
feeling of security from one' eleinent to the next succeeding it 
iti order, and also that they seem to grow smaller where we might 
naturally expect a graduated enlargement from first to last. 

These elements are all represented as coloured, whereas 
we know that many of the so-called; hsematoblasts, or granules 

• • • \ * 

•*•.. •*.•- * ^, 

* ■' J ; 
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seen in the blood, have Hcarcely any colour, even when an ice- 
cold temperature is employed, under which condition the Liquor 
Sanguinis often remains very colourless. 

M. Hayem, being unacquainted with the feict that oolonrless 
discs existed in the blood, regarded the white granules which 
he saw as decolourised hsematoblasts, but this we know not to be 
the casci for we can trace their production to the breaking up 
of discs which have certainly never possessed colour. 

M. Hayem*s view of the mode of the development of 
the blood labours under the disadvantage of being retro- 
gressive in its character, and inconsistent with much valuable 
knowledge, which has been acquired in connection with this 
subject in the past by the laborious researches, both physiological 
and pathological, which have been made mto the functions of 
the spleen and the lymphatics ; it is moreover not in accordance 
with the analogies which he has himself made out to be true of 
oviparous blood, in which we see fully formed, nucleated^ colour- 
less corpiisclesy gradually obtaining colour. All difficulty, how- 
ever, disappears, when we come to know the true origin of the 
bodies to which M. Hayem has devoted so much attention, and 
recognise them as portions or fragments only of the younger 
discs of the blood. We are not then at all surprised to find that 
they possess different physical, physiological, and chemical 
characteristics to the folly developed red corpuscle, for this I 
have already shown to be the case with the discs of the "Fugitive 
Group," and what is true of these bodies as a whole (in these 
respects) must also be true of their parts. 

I desire it to be distinctly understood that my observations 
on the work of M. Hayem are entirely restricted to the views 
he has published on mammalian blood, and have no reference 
whatever to his valuable research on the blood of the ovipara, 
which I regard as a most important contribution to our know- 
ledge, and a powerful corroboration of the correctness of my 
own discoveries and views in relation to mammalian 
blood; for if the nucleated red corpuscle of the ovipara 
is preceded in the order of development by a nucleated 
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colourless corpuscle, it is exceedingly probable that the non- 
nucleated red disc of the mammal will be preceded by a non- 
nucleated colourless disc. M. Hayem has shown the former to 
be the case in oviparous blood, and I have shown it be so in 
mammalian blood, but as both these corpuscles have an extra- 
vascular origin, it is not legitimate in either case to term them 
hamatoblasts. They represent simply a stage in the development 
of the blood corpuscle, neither its beginning nor its end ; and 
in either case they are only entitled to be regarded as the 
colourless stage of the blood corpuscle ; the distinctive difference 
being that peculiar to each kind of blood, viz. : the one 
possesses a nucleus and the other does not. The reader may 
become acquainted with the relation which these two bodies 
bear to each other by a careful study and comparison of 
Photographs 61, Plate XII., and 83 and 84, Plate XIII. 

While, then,Iregard the description of these granular bodies, as 
given by M. Hayem, as accurate and reliable, I differ entirely from 
him in his fundamental conclusions as to the role they play in 
the development of mammahan blood. To make this difference 
distinct and clear, it may, perhaps, not be out of place to 
briefly recapitulate the view of the development of the blood, 
which I consider to be supported and justified by my own 
researches. 

The reader may advantageously contrast Diagram 6, Plate 
XIV., given by M. Hayem, as illustrative of the mode of develop- 
ment of the blood, with the series of photographs of lymph and 
blood corpuscles, ranging in order from 94 to 100. It must be 
premised that according to my view the function of the blood- 
glands is not to produce a body like the ordinary white blood 
corpuscle ; but on the contrary a thickish disc-like body of 
about the same diameter as the blood-disc, which, in the course 
of its development, loses a delicate external layer, while its 
nuclear portion, which is very little less than the whole body 
was originally, undergoes conversion into a colourless bi-concave 
disc, and takes its place in the blood as its colourless disc. The 
lymph corpuscles, while in the glands may be seen to be under- 
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going these changes, as is shown in Photographs 94, 96, and 96** : 
It will be readily seen that some of these bodies are already 
beautifully bi-concave, while others are still in the process of 
transition. On account of the necessity to get these structures 
in the absolutely fresh state they have been obtained firom 
animals just killed, and are a little less than they would be if 
got from the human species. Li all other respects they compare 
well with the colourless discs of human blood, seen in Photo- 
graph 97, and these in their turn form an easy transition to the 
slightly tinted ones lying among the red ones, in Photographs 
98 and 99, and the latter easily bridge the gap to Photograph 
100, which represents the fully coloured-biconcave disc, the con- 
cavities of which have been sUghtly exaggerated by the osmic acid. 
The red discs in 98 and 99 are also a little darker than they should 
be, and somewhat altered from the normal owing to the use of 
concentrated vapour of osmic acid to assist in the preservation 
of the bi-concave form of the younger discs in the specimen. 
It will be seen, therefore, that after protracted investigation of 
the subject in its various bearings, I still hold to the view of 
the development of the blood, set forth in my first paper, which 
is briefly this — 

1. — Suitable methods of examination will reveal in mam- 
malian blood the existence of numerous corpuscles (about one 
to sixty red ones,) which are incapable of being detected by the 
use of the microscope alone, not because of their minuteness, 
for they have the same diameter as the red discs, but because 
they possess the same refractive index, and the same 
colour as the Liquor Sanguinis, in which they are submerged. 
When brought into view, and carefully examined, they are 
found to be colourless bi-concave discs, and between these and 
the red bi-concave discs the existence of other bi-concave disoSt 
possessing every gradation of tmt, can be detected not only by 
the eye, but more conclusively by the aid of the most delicate 
photo-chemical tests. 

♦ Vide the Author's Paper " On the Products of the Blood Glands.** 
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2. — When the morphological elements of the blood- 
glands are examined, with the same precautions for tiieir 
preservation as are fomid necessary with the blood corpuscles, 
they prove to be discs in various stages of development; the 
most advanced of which qxe excessively delicate, scarcely visible 
discs, of the same size and smoothness as the red blood discs, 
and of a bi-concave form. 

3. — These bodies are poured into the blood, in large num- 
bers at the subclavian and splenic veins, and are henceforth 
completely lost to view till they re-appear by gaining an aXnount 
of colour, sUghtly greater than that of the Liquor Sanguinis, wheli 
they become recognisable as the palest order of red corpuscle^. 
During their colourless stage they are -the invisible discs of the 
blood, and the analogue of the nucleated colourless oval cor- 
puscles (so-called hsBmatoblasts), of the ovipara, the nuclei of 
which alone are frequently the only parts that can be seen so 
long as they remain submerged in their own proper liquid. In 
both cases these corpuscles, as yet free from haemoglobin, form 
the missing link between the advanced lymphatic and splejiic 
and the red blood corpuscles. 



SECTION V. 



On the Motyhological Products of the Blood Glands, 



The discovery in the blood of mammalia of large nmubers of 
biconcave discs possessing the same colour and refractive index 
as the Liquor Sanguinis, and which therefore lie hidden in this 
liquid, together with corpuscles possessing every intermediate 
shade of tint between these and the red discs, has rendered it 
desirable (with a view of ascertaining definitely the source of 
these discs) to investigate thoroughly the nature of the morpho- 
logical products yielded by the blood-glands, e.g., the lymphatics, 
spleen, thymus, thyroid, supra-renal capsules, &c. 

A limited devotion to the subject sufficed to show that this 
part of histology had been far from exhaustively studied, and 
that to this fact alone was largely attributable our profound " 
ignorance concerning the mode of development of the blood, and 
the natm*c of its diseased conditions. 

No advance worthy of the name has been made in this aspect 
of the subject since the days of Hewson, (1774.) Its literature is of 
the most meagre character, and the conclusions arrived at are 
conflicting and uncertain. 

Eeflecting this general ignorance and slavishly copying 
each other, our text books, with few exceptions to be presently 
noticed, concur in regarding the lymph coi'puscles as ** identical 
with the white corpuscles of the blood." 

In the earlier part of this work (p. 25) I referred briefly to 
this question, and pointed out that Gulliver, Gray, and others 
did not concur in this view, and myself gave a number of reasons 
which appeared to me conclusive against it. It is but justice to 
the dead, and to the Scotch school of physiology, to state that 
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Professor Hughes Bennett entertained far more accurate views 
on this subject than many of his contemporaries. After speaking 
of the molecular basis of the chyle, described by Gulliver, he 
says : ** Floating amongst these (oil globules) we observe granulsw 
and globular bodies about the l-4000th of an inch in diameter, 
which on the addition of acetic acid exhibit a thicker margin 
than they did before. In chyle taken from the thoracic duct there 
are also biconcave flattened discs, exactly resembling the coloured 
blood corpuscles in size and form, but destitute of colour. Between 
these two kinds of corpuscles (the granular bodies about 1 -4000th 
of an inch in diameter and the colourless biconcave discs) all 
kinds of intermediate stages may be observed, so that there 
can be little doubt that the former become flattened and are 
changed into the latter. They are in fact emJn^yo blood corpuscles 
which become coloured in the lungs J*^* 

Again speaking of the lymphatic glands, he says : ** On 
cutting into these glands shortly after digestion, and examinmg 
microscopically the fluid they contain, it may be seen that a 
molecular fluid (fii-st described by GuUiver). is more or less 
crowded with naked nuclei which resist the action of acetic acid. 
On repeating the observation on fluid taken from the thoracic 
duct the same thing is noticeable, only several of tlie nuclei are 
now flattened, and in every point, except colour, closely resemble the 
red blood corpuscles,'' \ 

It is quite obvious from these passages that Professor 
Bennett did not, as so many have done, confound the true lymph 
corpuscles (which he regarded in their most developed form as 
colourless biconcave nuclei) with the ordinary white corpuscles 
of the blood with which, in his investigations of LeukhsBmia, he 
had become so familiar. 

In the thoracic duct, side by side with these colourless 
biconcave disc-shaped nuclei, destined to become coloured after 
they had entered the blood, Bennett recognised also the presence 



* Text Book of Physiology, page 60. 
t Text Book of Physiology, page 208. 
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of bodies which he regarded as the equivalents of the ordinary 
white corpuscle. • 

We shall see in the sequel how closely these views of 
Bennett approximate to the truth. 

The illustrious German pathologist, Professor Virchow, 
•describes lymph corpuscles taken from the interior of the 
foUicles of the lymphatic glands as consisting of two 
kinds. 1st. Fi-ee nuclei with and without nucleoU. 2nd, 
Cells with smaller and larger nuclei which are closely invested 
by the cell- wall. In common with other investigators, he does 
not find in these glands any bodies corresponding to the multi- 
nuclear white blood corpuscles, and I am not aware that he has 
referred to the condition of these elements as they exist at the 
upper part of the thoracic duct, but, inasmuch as he states "that 
of the minute elements contained in the foUicles some appear to 
become separated and afterwards to mingle with the blood as 
colom-less blood or lymph corpuscles," it is apparent that he 
considers some of these elements develop into the white 
coi'puscle of the blood ; on the other hand, Vh'chow offers no 
opinion as to the origm of the red corpuscles, but, on the contrary, 
says, "the whole history of the red corpuscles is still invested 
with a mysterious obscurity, inasmuch as no positive information 
has, even at the present time, been obtained with regard to the 
origin of these elements."* 

The following quotation shows, however, that he leans 
towards the view first promulgated by Hewson, viz.,t that they 
are in some way or other the products of the lymphatic glands 
and spleen. " A good many years elapsed (after 1846) during 
which I found myself pretty nearly alone in my views. It has 
only been by degi-ees, and indeed, as I am sony to be obliged to 
•confess, in consequence rather of physiological than pathological 
considerations, that people have come round to these ideas of 
mine, and only gradually have their minds proved accessible to 
the notion that in the ordinary course of things the lymphatic 

* Virchow's Cellular Pathology, p. 223. t p. 172 ibid. 
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glands and spleen are really immediately concerned in the pro- 
duction of the formed elements of the blood ; and that in parti- 
cular the corpuscular constituents of this fluid are really 
descendants of the cellular bodies of the lymphatic glands and 
'^leeh which have been set free in their interior, and conveyed 
into the current of the blood." 

If from these writers, so justly entitled to. a primary hearing 
on these questions, we turn to later investigators, we do not find the 
area of om*. knowledge to be materially enlarged ; for, while much 
investigation has taken place in connection with the white blood 
corpuscle, it relates chiefly to its anatomical constitution, to 
those physiological attributes known as amsBboid motion, and to 
the facts connected with its passage through the vessel walls. 
Nothing further has been done to indicate the connection which 
the products of the blood glands bear to the red and white 
corpuscles of the blood. 

At the very outset of this research, and in the face of the 
reservations ot the eminent observers I have quoted, we are 
met in all directions with the stereotyped statement that ** the 
products of the htood-ylands are identical with the white corpuscles 
of the blood,'! a statement at once incorrect and confusing, 
because it leads to the erroneous opinion that the function of 
the blood-glands is simply to originate the white corpuscles of 
the blood from which (to borrow the words of Prof. Huxley) the 
red corpuscles are " in some way or other " produced.* 

In the first place, the white blood corpuscles are not even 
identical with each other, either in size, in chemical constitutionr 
in histological character, or even in physical appearance. They 
so differ in size that, while some are not more than 5*20000th of 
an inch, others attain to a diameter of 10*20000th of an inch. 
Some can be made to exhibit an uni-nuclear appearance only, 
while others may display from two to five nuclei. Both of these 
varieties may lie in weak aniline blue staining fluid for hourst 



* Elementary Physiology, page 62. 
t In one test case for thirty hours. 
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without their nuclei becoming stained; but if their pellionlar 
cell covering be ruptured mechanically or otherwise, which can 
readily be done at will, the freed or exposed nuclei (as the case 
may be) at once become deeply stained. Other forms appear on 
the contrary to be already in the condition of free nuclei, for 
they take the stain throughout then* substance the moment it ia 
added to the blood. They are obviously devoid of the protective 
covering which the former class possess. 

The utmost that can be with accuracy afi&rmed is, that some 
of the white blood corpuscles have a close resemblance to, and 
an affinity with the true lymph corpuscle, i.e., with the body 
which it is the special function of the blood-glands to produce, 
while others, the multi-nuclear variety, bear a resemblance to 
certain bodies which are not (in the state at least in which they 
now exist) the normal products of the blood-glands, but yet may 
be found in the thoracic duct and the larger lymphatics. In a 
word, if we could abstract from the blood its red corpuscles, 
there would still remain in it colourless discs and uni-nuclear 
and multi-nucleai' white coi'puscles. The prototypes of the two 
former can be found in the blood-glands, but of the latter only 
in the thoracic duct and the lai'ger lymphatics. The true 
relations however which subsist among these bodies will 
become more and more obvious as we proceed. 

When we cut into the substance of a fresh lymphatic gland 
or of the spleen, and take out on the point of a knife a portion 
of the lymph which flows spontaneously into the bottom of the 
incision, we find that we have present two kinds or conditions of 
coi'puscles, one of which is readily seen, being distinct and 
comigated, the other smoother, fainter, and far less distinctly 
viisible. The former kind have a diameter of fr'om4 to 5'20000th 
of an inch, and are the bodies in the lymph which have usually 
been described as free nuclei. The latter, if observed at all, 
which is doubtful, have not hitherto attracted any attention,, 
probably owing to the great variety of appeai'ances they present, 
which is most perplexing till the key to their true nature has. 
been discovered. 
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At this stage of the inquiry I must ask permission to 
anticipate somewhat the proof which I have to bring forward, 
so far as designating these two kinds of corpuscles by the terms 
primary and advanced, as it will enable me to present the facts 
in a clearer and more intelligible form. It is my intention to 
show that these two kinds of corpuscles represent extreme 
conditions in the development of one and the same body, and 
that the same terms permanent and fugitive are as applicable to 
them as to the coi'puscles of the blood, but with the difference 
that in this case the youngest or most primary is the most 
stable, whilst the more advanced ones constitute the fugitive class. 
It will be seen that this is precisely the converse of the blood. 

Again, between these extremes of the lymph corpuscle as 
with the blood it is possible to detect every intermediate kind, 
and we are consequently compelled to conclude that we have 
also in these corpuscles to deal with bodies which are under- 
going a regular and gradual development, which, as it proceeds, 
renders them more plastic, smoother, whiter, less visible and 
more amenable* to change when the lymph is shed. Herein 
fact as in the blood we are presented not with one body but 
with a graduated series, the least perfect of which are the bodies 
best seen and commonly described as the lymph corpuscle, 
while the more advanced ones approximate with exceeding 
closeness to the invisible discs of the blood, in size, form, 
appearance, physical and chemical constitution, and more par- 
ticularly in that amenability to change from their usual corpus- 
cular condition into the forms and conditions commonly 
recognized as fibrin.* 

As a consequence of this extreme instability, the advanced 
lymph corpuscles are rarely seen in shed lymph in their true 
and normal form, but generally in every conceivable state of 
degeneration and breakdown, and it is only after we have laid 
hold of this fact and have adopted means for their preservation 
that we can form any conception of their real nature. 

* Vide Section on Fibrin FormatioD. 
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111 Photogi-apli 101, Plate XV., the reader will find a- 
representation of the body found in the follicles of the glands^ 
which is commonly regarded as the lymph corpuscle, a d 
usually conceived to be a simple nucleus. It is, however, 
as I have said elsewhere, to be regarded as a corrogated, 
thick, disc-shaped body, having an average diameter of 
from 4 to 6-20000th of an inch. This is the body which 
I propose to distinguish by the name of the primarrj 
lymph corpiiaele. It has compai'atively little liability to change, 
is rather rigid than plastic, and while submerged in 
the Uquor lymphro has very httle tendency to flatten and sprea>d 
itself down upon the glass slide. It neither stains or swells under 
the influence of saline aniline blue*. Photograph 102, Plate 
XV., shows such coi'puscles obtained from a fresh lymphatic 
gland of a pig. It will be seen that the puckerings or cormga- 
tions have disappeared, and that the coi*puscles have at the same 
time increased in diameter, and are, therefore, more disc-shaped. 
Some of them are of much greater diameter than otheris. 
These latter are the more advanced ones, they have attached 
themselves to the glass, and are spreading down upon it. 

In Photogi-aph 103, plate XV., we have an illustration of 
the appeai'ances presented by lymph corpuscles taken from the 
same gland after the liquor lymphsB has been withdrawn fr'om 
them by the ** method of isolation" as practised with the blood. + 
The diffierence between the two conditions of the corpuscle is. 
here made more manifest. The primary ones photograph with 
a strong dark edge, and have a tolerably regular- outfinie, and 
are all of about tlie same size, while the advanced ones are 
without a distinct outline, and are modified in shape by being 
subjected to pressure by the more rigid pi'imai7 corpuscles. 
It will be seen further that when they are unsupported by these 
they have a marked tendency to spread themselves out upon the 
slide, to become more iiTegular in outUne, and more confused 



* Half per cent, aniline in f per cent, salt solution. 
. : t Vide page. 7^ SdctioU I. 
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and granular in character. Between these corpuscles there is 
also a. great difference in colom*, the advanced ones being white 
or colourless, wliile the primary ones have a greenish tmt, 
which, like yellow or red tints, photographs of a dark 
coloui*. This colouring matter, whatever it may turn out to 
be, must not be confounded with haemoglobin, as it does not 
yield the absorption bands of this substance. 

In Photograph 104, Plate XV., we have a good example 
of the action of spreading or extension, to which the more 
advanced lymph corpuscles are liable. They appear first 
to adhere to, and then to spread themselves out upon the 
glass slide. Any granules that may be present are driveu 
outwards by the spreading action, and collect mainly at the 
circumference of the extended corpuscles, hence they are often 
seen to be disposed in the form of- arcs, or poi-tions of large 
circles. These cuiTes map out and indicate the degi'ee of 
extension which the coi-puscles have undergone. Photograph 
105, Plate XV., shows an excessive action of the kind which 
came on rapidly. The primary coi'puscles, too, in this case, 
have spread out into larger discs, while the advanced, ones are 
spread enormou&ly, as indicated by the granular boundaries. 
In Photograph 106, Plate XV., we have an illustration of thi& 
pecuhar action in its first stages. None of the above specimens 
are interfered with by reagents. In Photograph 107, Plate XV*, 
is shown a specimen of lymph which was diluted with fresh 
blister fluid. The advanced corpuscles have spread excessively, 
and the primai-y ones have been converted into smooth discs of 
about the same size as the red blood discs. Photograph 108, 
Plate XV., illustrates a case in which this spreading action, 
peculiar to the advanced lymph corpuscle, has been restrainejd 
by diluting with a five per cent, solution of salt. The corpuscular 
character of the advanced corpuscle is now better seen, yet tlie 
difference between it and the primairy ome is still sufficiently 
obvioug. niotograph 109, Plate XV. » is a specimen of gland 
corpuscles . from . the pig, prepared by diluting the lymph 
with an requal quantity of f per cent, of salt solution^ 
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and then preserving and difiFiising simultaneously by blowing 
hard upon it witli an indiarubber syringe, till quite dry. The 
differences between the primary and advanced lymph corpuscles 
are not as well seen in this specimen as in 108, but it will be 
observed that the ground work is covered with granules, some 
of which are dark, and others wliite, which are probably the 
dSris of both kinds of corpuscles. 

Photograph 110, Plate XV., also shows the existence of 
tliese extreme kinds of corpuscles in lymph obtained from the 
thyroid gland of ilie calf. The corpuscles which are intermediate 
can also be well seen m this example, and are detectable by 
their varying degree of colour and tendency to spread. 

By adding cane sugar in a pulverised state to the lymph I 
have been able to preserve very considerably the normal 
characteristics of the corpuscles, and the advanced ones are ren- 
dered much less liable to spread and enlarge, consequently a 
greater uniformity of size between these and the primary 
ones is preserved. Photograph 111, Plate XV., is also 
a specimen from the thyroid gland of the calf preserved in this 
manner. The preparation was spread out in a thin layer upon 
the glass slide by forcible blowing with the indiarubber syringe, 
a cover glass was then laid over it and f per cent, solution of 
salt run between. Corpuscles of all shades of colour from very 
dark primary to colourless ones may be observed. It seems 
scarcely credible that the corpuscles seen in 110 and 111 should 
be derived from the same source. 

In the foregoing remarks I have endeavoured to show that 
great differences exist among the lymph corpuscles when taken 
quite fresh from the blood glands of recently killed animals — 
differences which have their origin not so much in variation of 
size, as in that of colour and in power to resist the influence of new 
or altered surroundings. Indeed it would appear that these bodies 
become, in proportion to the degree of their development, 
excessively amenable to change when the lym^^h is shed or 
removed from its normal habitat. Now it might naturally be 
anticipated that with these physical changes of constitution 
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which render the corpuscles more delicate, fi-agile, fugitive, and 
less visible, there would be concuiTent cliemical modifications 
on which these would be based, and this is really the case, for 
we find that the relations which these bodies bear to stains is 
■entirely in keeping with their physical deportment. 

In Photograph 112, Plate XV., is a specimen of lymph 
from a lymphatic gland which has been diluted with blister fluid, 
and subsequently stained with saline aniline blue. The aniline 
blue causes the more advanced corpuscles to become greatly 
enlarged and flocculent or granular in appearance, and simul- 
taneously they become stained of a deep blue tint. This action 
of simultaneous staining and enlargement takes place rapidly, 
and is propoiiiionate to the amount of aniline present. A 
minute amoimt of aniline, however, which will scarcely produce 
visible staining is capable of causing gi*eat enlargement. 

It is curious that when so enlarged they are not globules as 
might a j)ri<)n be expected, but greatly extended discs, and simul- 
taneously with this action in the advanced corpuscles, the most 
primary ones, which refase the stain, undergo shrinking and 
-contraction. By this means a broad and well marked distinction 
is estabhshed between the two classes of corpuscles, the primary 
ones not only refusing to stain, but also undergoing shrinking 
and becoming distorted and uTegular, while the advanced ones 
become at once stained and swell up into smooth, regular discs 
of large diameter, which frequently lie in part over each other 
as coins might do, thus proving their disc like character. The 
•degree of swelling or extension may be seen by comparing 
Photographs 101 and 112. 

The proportion of these corpuscles in various glands 
appears to differ sometimes in favom* of the primary, and at 
others of the advanced ones. 

In Photograph 118, Plate XVI., is seen a specimen of fresh 
«lieep's lymph from a lymphatic gland. This specimen was first 
diluted with a J per cent, solution of salt, and then run under a 
cover glass. On examination the corpuscles were found to present 
tlieir usual appearance. Being subsequently stained with saline 
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aniline blue, many previously barely visible corpuscles rapidly 

put in an appearance, and these became greatly swollen and 

deeply stained. Between the most decided primaiy ones which 

are dark, irregular, contracted, and unstained, and are of the 

smallest diameter, and the advanced ones which possess the 

greatest diameter, every intermediate diameter and appearance 

in relation to swelling and staining may be observed. Adhering 

to the surface of the advanced corpuscles are nmnerous granules 

which are obviously similar to those which are ffee in the 

liquor lymphsB of such specimens, and the source of which 

will be refeiTed to later on. In specimens of lymph in which 

these gi'anules are not present the coi'puscles are smooth and 

clean, and this is an additional reason why they are to be 

regarded as merely accidental adliesions. If this view is correct 

it implies that the advanced lymph corpuscles become, luider 

these abnormal conditions, adhesive and pick up the granules 

as they float among them. It often happens in specimens of 

Ijrmph that the advanced coi'puscles are only obvious by means 

of these adhering granules; in other words, the corpuscles 

themselves ai*e too dehcate to be seen. 

As a further illustration of the effects of saline anihne 
staining upon the advanced lymph corpuscles Photographs 
114 and 115, Plate XVI, may be compared. The former 
shows advanced lymph corpuscles (and also gi-anules, which 
appear to have resulted from the disintegration of others,) 
which have been sepai-ated ft-om the primary ones by the method 
of isolation^ m virtue of then power to adhere to the glass. 
Then size'and foim have been more or less preserved by means 
of the ice-cold temperature. 

In Photograph 116, Plate XVI., the same corpuscles and 
granules are again shown, after being subjected to the action 
of the aniline stain. It will be observed that both the cor- 
puscles and the granules have become gi*eatly swollen, and 
simultaneously with this have become stained of a deep blue tint. 
This shows absolutely that the coi-puscles and granules which 
stain are also those which swell and enlarge, and places in our 
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hands a means of distinguishing from each other not only the 
coi'puscles but also the granules, which result from their disin- 
tegration. This differentiating action of the saline aniline blue is 
very well seen in Photograph 116, Plate XVI., in which the most 
advanced corpuscles are those which have undergone the greatest 
degree of extension and swelling, and between these and the 
dark primary ones, which have become contracted, corpuscles of 
varying diameters, may be seen which represent intermediate 
stages of development. 

In Photograph 117, Plate XVI., corpuscles from the 
lymphatic gland of a pig have been submitted to the action of 
the saline aniline blue, and we are able to distinguish three 
states of the corpuscles. 1. The most primary, which have 
neither spread themselves down upon the sUde nor have become 
stained. 2. An intermediate kind, which have to some extent 
spread themselves down, but have not absorbed the dye. 
8. The more advanced ones, which in the Photograph show a 
granular appearance, and which have all taken the stain, but in 
various degrees ; those whose physical properties are the furthest 
removed from the piimary ones having taken the stain most 
greedily. 

The illustrations and descriptions given will suffice to 
indicate the nature of the general conclusion arrived at by an 
extended study of these bodies — viz., that they are stmctures 
which are undergoing a gradual and continuous process of develop- 
ment which is associated with changes in both their physical and 
chemical characters. 

The principal difficulty that we have in the study 
of the lymph corpuscle arises from its being almost 
impossible after the Ijonph is shed to preserve in their 
full integrity its most developed forms. These can scarcely 
be brought into contact with ordinary surfaces such as 
those of glass without being resolved into some one or 
other of the fibrin forms ; indeed, as before said, they are 
the source of fibrin in lymph as the colourless disc is in blood. 
It is owing to this that their existence as corpuscular structure.^^ 
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lias been overlooked, for the fibrin when seen has been 
accounted for in a very different way. When, however, we become 
aware that tlie fibrin present in any specimen of lymph really 
represents the changed and modified foims and states of its 
most advanced coi-puscles, we at once see that if we would 
ascertain tlie relation which these bodies bear to the colourless 
discs of the blood, we must, if possible, devise means by 
wliich they can be preserved for examination in as nearly as 
possible their normal state. 

Considerations of this kind enable us to imderstand fully 
the difficulty which has attached in the past to the compre- 
liension of the mode of development of the blood, for whether 
we examined the blood on the one hand, or the lymph on 
the other, the connecting links were in both cases largely 
obliterated, owing to the corpuscles which bridge over the 
■chasm being in both cases resolved into fibrin, and therefore 
no longer recognisable as definite structures, but appearing 
as a third substance of unknown and problematic origin. 

Under the generic term ** lymph corpuscles " a number 
of bodies have been grouped together and regarded as identical 
some of which present very marked and characteristic differ- 
ences, and it has become a common error to regard the 
white blood corpuscle as t'lo type of all these bodies. This 
practice has given rise to the utmost confusion of thought, 
and has rendered it impossible to form even an approximately 
correct view of the nature of the development of the blood. The 
following bodies have thus been confounded: — (a,) Corpuscles 
from the lymphatic glands ; (&) Splenic corpuscles ; 
(c) Tliymus corpuscles ; (d) Thyroid corpuscles ; (e) Corpuscles 
of the supra-renal corpuscles ; (/) White blood corpuscles ; 
(//)Leukli8Bmic corpuscles; {h) Pus corpuscles. Furtherconfdsion 
has also arisen from faih'ng to recognize the fact that these 
bodies exist in all stages of development. 

Of the various kinds of corpuscles enumerated a, b, c, d» 
and e, ai*e alike, and are readily divisible into the two kinds* 
representing extremes, which we have designated the primary 
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and advanced. It is the destiny of all these bodies to 
become red blood discs after having passed through the stage 
of the coloui-less disc ; f, g, and h, on the other hand repre- 
sent ceiiiain deviations or departures fi'om this nominal mode 
of development, represent, in fact, the accidents (so to speak) 
of the great blood making process. These relations will, 
however, be better understood as we proceed. 

From what has already been said it will be seen that 
the lymph coi-puscles in the spontaneous changes which they 
undergo when the lymph is shed, divide themselves broadly 
into two kinds, and the existence of these two varieties or 
stages of development is further corroborated by the use of 
certain staining fluids. If we proceed to inquire more 
critically into the constitution of these coi-puscles, we find 
tliat their difference of physical and chemical behaviour 
appears to rest upon histological diversity ; that, in fact, we 
have in the primary lymph corpuscle, which has hitherto 
generally been considered as a nucleus to deal with, a true 
cell, the outer wall and protoplasm of which is in such close 
contact with that of its nucleus as to cause them to appear 
to be, and even to act imder some circimistances, as if they 
were one only. The existence of the external cell- wall can, how- 
ever, be made very ob^^ous in several ways. In the first place 
corpuscles possessing it, photograph of a much darker, tint, 
almost, and in some instances, quite as dark as red corpuscles. 
What the colouring matter is which causes this photogenic 
reaction we do not know, all we can say at present is that 
it does not yield the spectrum of hsemoglobin. It is, how- 
ever, nearly as non-actinic as this substance. Examples of 
these photogenically dark primary lymph coi'puscles may be 
seen in Photographs 103, 110, and 111, Plate XV. The 
colouring matter on which this non-actinic property depends 
is not very perceptible to the eye, and is entirely removed 
when lymph corpuscles are allowed to remain for some time 
in contact with Liquor Sanguinis. They then photograph as 
fi*ee from colom* as the white blood corpuscles. I have not 
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found this coloured condition of the primary lymph corpnscle 
to be present in the spleen, probably owing to the free blood 
supply of tliis organ. A further featui-e which distinguishes 
tlie pnmary lymph corpuscle is the fact that it may, without 
alteration, remain a long time, ^.//., thu-ty hours in a staining 
fluid, which at once causes the advanced h-mph corpuscles to 
bocomt; deeply coloiu-ed, and to swell up into discs of lai^ 
diameter. Not only do the primai-y corpuscles not stain or 
swell, but they actually contract under these conditions, 
Me Photographs 113, 116, and 118, Plate XVI. If, however, 
while lying in the staining fluid we mechanically compress these 
corpuscles, the external membrane may be seen to rupture, and 
the contained nucleus at once stains and swells up precisely like 
the advanced coipuscle. The only difference now apparent 
between the two being that some gi*anules which have refused 
the stain may still remain attached to the former ; these represent 
the gi'anular debris of the protective and unstainable capsnle. 
Generally these granules remain attached to the edges of the 
corpuscles, but occasionally they adhere all over them, as 
shown in Photograph 118, Plate XVI. 

The Primary Lymph Coiyu^le appears, therefore, to consist 
of three distinct paiiis. 1. — An exterior layer, wall, orpellicle^ 
which will not stain with the aniline blue nor allow the staining 
fluid to pass through it so as to affect the interior (nucleus). 
2. — An interior mass, (nucleus,) which when exposed by rupture or 
removal of the capsule, stains easily and deeply, and swells up 
greatly under the influence of the saline aniline. 8. — ^A clear 
colourless liquid, which exudes from this stained mass either 
from its interior or by a process of separation and aggregation. 

This refra<stile exudation can take on similar forms to 
tliose exhibited by myelin. 

The Advanced Lymph Ccnpnscle, on the other hand, appears 
to consist of two parts only, viz., that which stains and which 
appears to be situated externally, and that which exudes as 
clear hyaline liquid, and behaves like myelin, in other words, in 
the advanced coipuscles the external wall or pellicle has 
disappeai*ed. 
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Now, if the Primary Lymph Corpuscles are to be regarded 
:as tiTie cells, or bodies in possession of a cell wall, of a 
nucleus, and of intra-nuclear contents, then we must con- 
sider that the cell wall is ordinarily in close contact with the 
nucleus, and that the development which the corpuscles imdergo, 
when all proceeds normally, consists in the gradual destruction 
a.nd removal of this outer capsule, and in this case the advanced 
^land or lymph corpuscle will have to be regarded as a freed 
and developed nucleus, in a word, the prbnary lymph corpuscle 
is a cell containing a nuoleuSf and the advanced lymph corpuscle 
is this nucleus, set free at a certain stage of its development. 

The following definitions of these bodies appear to be possible 
— Primary lymph or gland corpuscle. A thickish non-nucleated 
corrugated disc of an average diameter of 4 to 6 •20,000th of an 
inch, which generally possesses some colouring matter causing 
it to photogi'aph of a rather dark tint,* but which bleaches if 
brought into contact with Liquor Sanguinis. This corpuscle 
refuses, to become stained or to swell \ip into a smooth disc under 
the influence of saline aniline blue, but on the contrary contracts, 
And becomes in-egular and more corrugated ; when submerged 
in the liquor lymphsB it appears corrugated and rigid ; but 
when it passes from this influence into a bubble space, in 
other words, into air loaded with moisture, it immediately 
becomes lustrous and smooth, exhibits a greenish tint, which 
photographs dark, and spreads down upon the slide with 
gi-eat increase of diameter, vide Photograph 119, Plate XVI. 
When kept under sealed cover glasses in its own liquid 
{hquor lymphse) it becomes whiter, thinner, smoother, and 
tends to biconcavity. It rarely, if ever, exhibits amaeboid 
motion — ^never, under any circumstances, displays a multi- 
nuclear appearance, but is susceptible of the peculiar change 
fihown in Photographs 122, 128, and 124, Plate XVI., the 



* Examples of these dark primary lymph oorptiscles may be seen 
on Photographs 108, 108, 110, 111, <fec., Plate XY, iind 116, 120, and 121, 
Plate XVI. 
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nature of which is discussod on page 117. When introduced 
into blood these corpuscles become the same colour as the' 
Liquor Sanguinis. 

Adcanced lymph or ijUnul corpxMcle. A very delicate, smooth^ 
non-nucleated, fugitive disc, of the same diameter as the red disc. 
Excessively plastic, falling readily into fibrin forms, stains 
with extreme ease with the saline anilme blue, and swells up 
enormously — say to a diameter of 8 or 9 •20000th. of an 
inch, but still retaining its discoid form. Much more liquid 
and mutable than the primary disc, probably possesses 
amoeboid motion, but this cannot well be made out, for it 
is too mdistinct in the liquor Ijanpha) to be satisfekctorily 
watched — easily spreads down, and is lost as a film upon 
the sHdo, rule Photogi-aphs 105 and 107, Plate XV. When 
introduced into blood, or pure Liquor Sanguinis, it is no longer 
seen. It is this body (which represents the developed product 
of the blood glands) which passes on into the blood to become 
ill the first place its colourless dkc, and ultimately, after 
acquu'ing colour, its red coi-puscle.'-' 

Anyone who has the most superficial acquaintance with 
the products of the blood glands will be struck with the 
protean foiins and appearances under which these bodies 
present themselves, due in part to then* extreme plasticity,, 
and in part to then* great dependence upon the state, for the 
time being, of the liquids in which they are submerged,, 
which, as in the case of the blood, determines not only their 
size, but also their state as to smoothness or coiTugation. 
The absence also of elasticity m the lymph coi-puscle renders- 
it far more amenable to permanent modification of fonn 
than the advanced blood coi-puscle, but the same is true of 
the earher forms of the latter body, which approximate in 
origin and nature to the lymph corpuscle. 

It has been before explained that when saline aniline blue 



* Vide Section **0n the identification of the advanced lymph disc 
with the colourless disc of the blood." 
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is used as a meaus of distinguisliing the various developmental 
stages of the gland corpuscles , it is found that the least advanced 
or more primary corpuscle is the one which refuses to stain, and 
which contracts under the influence of the staining fluid, while 
the most advanced is the one which not only stains readily, but 
swelling up becomes distended into discs of large diameter. If 
for the saline aniline blue we substitute a simple aqueous solu- 
tion of anihne blue, we are able to bring out a still more marked 
difference in these corpuscles which is of the utmost importance, 
inasmuch as it furnishes us with an additional demonstration of 
the cellular character of the primary lymph corpuscle, and 
shows the relation which this primary cell bears on the one 
hand to the uni-nuclear variety of the white blood coi-puscle^ 
and on the other to its own nucleus, which in the ordinary and 
normal coiu'se of events is to be set free and to become the- 
colourless disc of the blood. Unlike the saline, the aqueous, 
staining fluid favours endosmotic action, and as a consequence 
the delicate wall of the cell, which heretofore has been in very 
close proximity to the nucleus, becomes sepai'ated ft-om it and 
undergoes distension, sometimes to a very marked degree, so- 
that the corpuscle now exhibits a clear hyaline border, in fact^ 
presents itself as a veritable cell, nucleus, contents, and wall* 
Vide Photographs 122, 128, 124, Plate XVI. Photograph 122 
shows the primary lymph corpuscle of the spleen of the pig ; 
128 of the lymphatic glands of the pig ; and 124 of the thyroid 
gland of the calf. Nons of the corpuscles which take on 
this cellular' appearance become stained with the aniline blue. The 
main variations which they exhibit relate to the extent of the 
area of the clear zone which smTounds the nucleus, and to the 
state of the latter body itself which is sometimes smooth, at 
others corrugated, and in some cases, wliere the distension of 
the cell- wall is very gi*eat, it appears even to be undergoing disin- 
tegration. Under ordinary conditions the nucleus fills up the cell 
and entirely determines the appearance it will present as to colour, 
smoothness, corrugation, &c. ; being, in fact, the body which we 
see through the delicate cell-envelope, and ordinarily regai-d as 
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the coi-puscle ; consequently the iiTegular and fuii'owed appear- 
ances presented by the unaltered corpuscles ai'e still retained by 
the nuclei when the cell-well is separated from it and distended 
into an exquisitely delicate membi'ane. The coi-puscles, which 
under the action of osmosis yield the largest zones, ai'e probably 
the cells with the thinnest walls and those which will be tlie 
first to liberate their nuclei. 

All the free nuclei stain and 8\Yell, but in varying degrees ; 
■the most recently liberated swell least, and therefore appear to 
be more strongly stained. On the other hand the most advanced, 
or those which have been set free for a longer period, swell 
greatly and look less stained. They are all, however, probably 
stained equally, the difference of appearance in this respect 
being due to the degree of swelling. 

Many reagents favour these osmotic modifications of the 
coipuscles. Photograph 122, Plate XVI., illustrates the effects 
produced by an aqueous solution of aniline blue. The advanced 
•corpuscles, which in the original specimens are deeply stained 
of a blue tint, and therefore look very conspicuous and contras- 
tive, lie between and among the corpuscles, the cell- walls of 
which have been made to show themselves. In the Photograph 
the contrastive effect given by the colour is of course absent. 
Photogiaph 128, Plate XVI., is a specimen of gland corpuscles, 
in which endosmose has been excited in the primary corpuscle 
by means of gum and liquor potassae. Photograph 124, Plate 
XVI., is a specimen in which a small portion of the contents of 
s, lymphatic gland of a calf was allowed to i-un under a cove 
glass and fill up a portion of the area only, the other portion 
being filled with a two per cent, solution of osmic acid. 
The region in which the endosmotic action occurred was 
that in contact with the osmic acid' solution. This reaction 
does not invariably succeed. During the process of normal 
development in the glands, the cell-wall of the primary corpuscle 
probably undergoes gradual thinning and solution, for when the 
glands are absolutely fresh very little granular debris exists in 
the liquor lymphse ; but if the same glands are kept for a time 
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■u great deal of granular debris is found, most of which appears 
to be due to the disintegration of the cellular envelopes. This 
of course sets the nuclei free, and under these cii'cumstances 
the staining is more general and uniform. It is worthy of note 
that no wall or pellicle can be made to show itself upon the 
-corpuscles which take the stain, Le., upon the nuclei. 



SECTION VI. 



On the Originy Deceltjpitientf and Dentin 1/ of tite White 

Blood Corpmcle, 



The bodies we have to consider in this connection, and to* 
compare with each other, are the primary and the advanced 
lymph corpuscles and the nucleated white blood corpuscles. 
The latter bodies are divisible into two varieties according as to 
whether they possess one nucleus only or several (2 to 5), but. 
as no difference has been detected in their physical or chemical 
behaviour, they may justly be regarded as the same bodies in 
various stages of development. 

Photograph 125, Plate XVII, shows the usual spherical 
appearance of the white corpuscles in the absence of amoeboid 
movement ; while Photograph 128 gives examples of its uni- 
nuclear variety in which the nucleus has been revealed by- 
staining. In Photograph 129 the transition stages are shown, 
by which the uni-nuclear becomes converted into the multi- 
nuclear kinds seen in Photographs 180, 181, and 182. In Photo- 
graphs 128, 129, and 180, the nuclei are displayed by staining with 
phosphene . In Photograph 181 they are displayed by the * * method 
of isolation," and in Photograph 182 they have been stained with 
aniline blue, which, in keeping with its action on nuclei 
generally, has caused them to become greatly swollen, and to en- 
croach upon the protoplasm, which is partly dissipated and partly 
still adherent to the nuclei. In Photograph 186 the granular - 
protoplasm has been stained with aniline scarlet, and therefore- 
photographs of a dark tint. It is noticeable that the nucleus, 
of the uni-nuclear variety is generally very large, that, in fact, 
the nuclei of the multi-nuclear kind taken together would but 
form a mass of much the same size, and that speaking generally 
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"the greater the number of nuclei present in a corpuscle the 
smaller they individually appear to be. Nothing, therefore, 
seems more likely than that the uni-nuclear should develop 
into the multi-nuclear kind. 

As to the protoplasm of the white corpuscle, it appears to 
be capable of existing in several distinct states, (1) as a liquid ; 
(2) as granules ; (8) as fibres. When in the liquid state it may 
he ejected from the interior of the corpuscle by means of 
saturated solution of salt. The first action of this re-agent is to 
•cause the corpuscle to visibly distend ; it may then be seen to 
burst and emit colourless . liquid content matter from some 
point of its circumference. This generally continues to adhere to 
the shrunken capsule and the enclosed nuclei, but in some 
•cases it gets free and swims about as a delicate homogeneous 
globule. Photograph 186, Plate XVII., illustrates this 
reaction. On the other hand liquids of this character are ex- 
•ceedingly prone to fall into a granular state ; hence the 
protoplasm of the white corpuscle is frequently seen in this 
form, as in Photographs 128, 132, and 136, Plate XVU. The 
third or fibrous condition has given rise to the erroneous view 
that protoplasm possesses considerable histological complexity, 
being a delicate structure formed of an intra-cellular network of 
very fine fibrils (Heitzmann's network). Whenever this 
^appearance is present it is probably due to initial coagulative 
•changes, the granules become adhesive, and, being viscous, their 
mutual motions quickly extend them into delicate fibres and 
networks. The same action not imfrequently takes place with 
the content matter of the nuclei. 

If we seek further back for a body which may be regarded 
as the antecedent of the uni-nuclear white blood corpuscle, we 
find it in the primary lymph cell. This body does not differ 
fiom the imi-nuclear white coi-puscle, except in being a little 
smaller, more rigid, i.e., less plastic and less adliesive ; qualities 
which may naturally be regarded as pertaining to a lower 
•degree of development. Under the influence of re-agents both 
■fche primary lymph corpuscle and the uni-nuclear white 
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corpuscle of tlie blood undergo a species of imbibition or osmose,, 
by wliich a cell-wall is rendered very apparent. This cell- wall 
is so delicate that its separation from the nucleus does not percep- 
tibly diminish the diameter of tlie original corpuscle ; in other 
words the body is almost entirely made up of nucleus, and we. 
must infer that the content matter lying between the cell- wall 
and the nucleus, which by the imbibition of water swells up so 
considerably must exist ui a condition of great spissitude. 
If to cells of eitlier kind in this swollen state saline aniline-blue 
be added, the coi'puscles do not stain or undergo further change, 
even though they may remain in contact with the staining fluid 
for a long time ; but if by means of a suitable instnmient the 
cover glass is firmly pressed upon and the corpuscles are simul- 
taneously watched, they may be seen to bm'st with emission of 
the liquid which lies between the cell-wall and the nucleus, and 
he latter body becomes at once deeply stained. The same kinds 
of changes are undergone by the multi-nuclear white corpuscles, 
witli the difference that from two to five nuclei are brought 
into view. After the niptiu'e has taken place, it frequently 
happens that portions of the unstained capsule and contained 
protoplasm remain attached to the swollen and stained nuclei. 

Sometimes, when these corpuscles are compi*essed in the 
manner before described, instead of the external cell- wall giving 
way the wall or peUicle of the nucleus appears to yield, and its 
liquid contents are seen to pass out and to mingle with the 
general cell contents, and in this case (if staining fluid is. 
present) the enth-e area of the corpuscle stains blue. 
Occasionally the content matter of the nucleus may be seen -to- 
bud out in processes into the general cell contents, and to 
remain some time without becoming diffused. These facts seem 
to show that these corpuscles have not only a cell- wall but that 
their nuclei have at least something equivalent, if not to a wall, 
at least to a pellicular membrane. Sometimes under conditions 
in which the cell contents seem less fluid than usual, and the 
corpuscles have been withdrawn from the Liquor Sanguinis by 
the ** Method of Isolation, " this pellicle may be discerned.. 
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Occasionally the pellicle or cell- wall of the white corpuscle may 
be seen in the absence of any special treatment. 

Photograph 133, Plate XVII., shows three white corpuscles^ 
adhering to each other, and on their surface may be seen a 
crumpled pellicle which in the case of one coi'puscle has become 
withdrawn for over a third of its smface, exposmg the homo- 
geneous content matter of the corpuscle beneath. 

In Photograph 134 there are four white coi*puscles, the 
envelopes of which appear to be unruptured, and the nuclei of 
which are obsciurely seen through them, and not clearly as in 
Photograph 131, in which the pellicular covering appears to be 
absent. The tendency of late has been to regard the white 
corpuscles as consisting of nuclei and protoplasm only, without a 
limiting membrane. The appearances depicted in the photogi'aphs 
seem to be incompatible with such a view. 

On the other hand, we have already given sufficient 
evidence of the possession of a cell- wall by the primary lymph 
corpuscles, and these corpuscles can readily be made to- 
simulate uni-nuclear white blood coi'puscles by keeping them 
for a time in some of the animal fluids, for example, urine or 
aqueous humor, and subsequently transferring them to fresh 
Liquor Sanguinis. 

Photograph 126 shows primary corpuscles from the spleen 
of the pig which have been so treated. It will be noticed that 
they are considerably enlarged, and that large nuclei filling up 
their interior are brought into view. White blood corpuscles 
on^the other hand can be made to assume more nearly the 
appearance of lymph corpuscles by transference to a quarter per 
cent, solution of common salt, as seen hi Photograph 127, in 
which the dark outlme common to some primary lymph 
corpuscles is restored. Photograph 125 shows the normal 
appearance in the same blood. 

These observations, taken as a whole, seem to show 
that we have to deal in these bodies with true cells 
undergoing their ordinaiy mode of development, and they 
appear also to afford strong evidence that the imi-nuclear 
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corpuscle of the blood is a primary lymph corpuscle ^ which, 
having failed to undergo the customary divarication necessaoy 
tto its direct development into a colourless disc, continues 
its career as an ordinary cell, becoming more liquid and 
plastic, and acquiring the peculiar physical conditions which 
^enable it to exhibit amoeboid phenomena. At first a uni- 
nuclear corpuscle it increases in size, and as its development 
proceeds gives rise by the splitting up of its nucleus to the 
multi-nuclear varieties of the white blood cell. 

It is not easy to trace experimentally the destiny of these 
nuclei ; but analogy and reason conspire to indicate that these 
multinuclear blood cells ultimately disintegrate, and that their 
liberated and developed nuclei imdergo conversion in the blood 
into colourless discs, which, gradually assuming colom% become 
red corpuscles. If this view prove to be coirect, we shall have 
to recognize in the mammal two processes or modes by which 
■colourless discs, whicli eventuate in red discs, are produced. 
(1) A major, rapid and direct one ; (2) A mmor, slow and in- 
-direct one, the former being superimposed upon the latter as a 
higher specialisation upon a lower type of development, in perfect 
harmony with the law of evolution, which regards the mammal 
41S succeeding in the order of time and development the lower 
vertebrata. Diagram 1, Plate XX., and desciiption will fully 
^explain these two modes of development of mammaUan blood. 



SECTION vn. 



On the Identification of the Advanced Lymph Disc with the 

Colourless Disc of the Blood, 



Wb have shown that the kind of development which the 
large majority of the lymph corpuscles undergo is not one which 
leads to increase of size or complexity of structure, as generally 
supposed {e,g., the growth of a small uninuclear cell into a larger 
multinuclear one), but that it is, on the contrary, in the direction 
of simplicity and homogeneity — a simple nucleus derived from 
a uninuclear cell being converted into a smooth extremely deli- 
cate colourless disc. The unchanged pHmary lymph corpuscles 
when obtained from the blood-glands are a trifle smaller in 
diameter, but a httle thicker than the red blood discs. They 
vary somewhat in size, but when not in an abnormal state not 
more than the red blood discs do among themselves. In brief, 
they are discs, which, like the red discs, have a sHghtly varying 
diameter, but at the same time a general equableness of size. 
These primary discs are comparatively rigid, probably owing to 
their furrowed corrugated state, for corrugation is found to 
effect a similar change in the red corpuscles. That the state of 
the lymph corpuscles is one of corrugation, and not of granu- 
lation, is made obvious by introducing them between glasses, 
which are close enough to slightly flatten them ; they then 
increase a trifle in diameter, and become smooth, as in 
Photograph 102, Plate XV, which may be contrasted with 
Photograph 101, Plate XV. When in the smooth state their 
assimilation to the red corpuscles, save in colour and elasticity, 
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is most striking. Many even of these jtnmary lymph discsy as we- 
have before pointed out, have a marked tendency to exhibit them- 
selves in the biconcave form, and there is no doubt that this- 
tendency becomes more and more estabHshed as the develop- 
ment of the coi-puscles proceeds ; but the means at our disposal 
for showing this diminishes, because the corpuscles, by the loss- 
of their envelopes, become more delicate, less visible, more 
fragile and fugitive ; indeed, altogether more incapable of 
resisting the changes which ensue in the environment when the 
lymph is shed. We cannot ho2)e, therefore, to see these 
advanced nucleai* discs in their most pei-fect form until, as 
with the colourless discs of the blood, we can devise some 
means by which they can be absolutely preserved. Osmio 
acid preserves exceedingly well the haemoglobin discs of the 
blood, but it has less influence over the colourless discs, and 
less still over the advanced lymph corpuscles. The use of cane 
sugar has given better results than any other substance yet 
tried, and has enabled me to preseiTe both the primary and 
advanced lymph corpuscles in something like their true size 
and form. {Vide Photograph 111, Plate XV.) 

I have before refen*ed to the property which the advanced 
lymph corpuscles possess of staining and swelling up into 
discs of large diameter, imder the influence of saline aniline 
blue, the most advanced corpuscles become the largest discs, 
and between them and the corpuscles which do not enlarge or 
stain, every intervening diameter may be found. 

When we come over to the side of the blood, and inves- 
tigate with the same staining fluid, we find corpuscles which 
swell up and stain precisely as the advanced lymph corpuscles, 
and others which staui only, and do not swell ; in other words, 
the power of this fluid to enlarge the corpuscles is lost before 
its power to stain them, and thus just as we are able on the 
lymphatic side to show a graduated series which culminates in 
the most advanced lymph corpuscle, so in the blood we can 
display the stages between the advanced lymph corpuscles and 
the haemoglobin discs, for at a certain point when a little 
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hemoglobin has been attained by the corpuscles they cease to 
stain with the aniline blue. 

The aniline blue, therefore, affords us a means of com- 
paring the most advanced corpuscles of the blood-glands with 
the least advanced corpuscles of the blood. 

In the healthy state of the organism it is probable that 
few corpuscles would leave the blood-glands save the most 
advanced ones, and these might be expected to imdergo con- 
tinuous development in the liquor lymph89 till they reached 
the termination of the thoracic duct, so that at this point we 
should expect to find the most advanced lymph discs, and there- 
fore the ones which would most assimilate in properties and 
nature to the colourless discs of the blood, as found in the sub- 
clavian veins or the right auricle, at the time, and only at the 
time, that the thoracic duct is in the act of delivering up its 
contents to the blood. All the colom-less discs found in the 
right auricle even at this period would not of coiurse be advanced 
lymph corpuscles, inasmuch as coloiurless discs would be 
returned by the venae cavse. We are, therefore, more concerned 
in this connection with the state of the advanced lymph 
corpuscle at the thoracic duct, and with the products which 
flow spontaneously from the blood-glands, than with any 
elements we may be able to obtain by the incision of such 
organs, for the simple reason that in the latter case the products 
will be mixed and less advanced. Seeing the barely visible 
state of the advanced lymph corpuscles in the blood-glands, 
there can be no doubt that the great bulk of these bodies are in 
a condition as they leave the thoracic duct to become at once 
the invisible colourless discs of the blood ; but even this point 
need not remain a matter of speculation, for the method which 
I have devised for packing the red corpuscles together so as to 
display the existence of the colourless discs of the blood is also 
a method by which liquor sanguinis can be filtered off per- 
fectly free from corpuscles, and into such filtered hquor san- 
guinis of venous blood it is quite competent for us to introduce 
advanced lymph corpuscles, and to compare them when placed 
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under these conditions with those which are found naturally in 
venous blood taken from the light auricle during a period of 
blood-gland activity. This comparison has been made with the 
result of showing that the advanced lymph discs and the colour- 
less hhod discs are oiie and the same body. We see, therefore, 
how near to the mark the late Dr. Hughes Bennett was, when he 
afl&rmed — " In chyle taken from the thoracic duct, there are 
also biconcave flattened discs exactly resembling the coloured 
blood discs in size and form, but destitute of colour." Now 
this being so, where are these bodies a few minutes subsequently 
to having passed into the right auricle of the heart ? Dr. Ben- 
nett recognised these corpuscles in the thoracic duet, but he 
lost them in the blood, and filled up the hiatus by inferring that 
they became coloured in the lungs, in their transit from the 
right to the left heart. But even this should not have prevented 
them being found in the right auricle, where by my methods 
they can be detected in abundance, and also in the left heart, 
and the circulation generally, which indubitably shows that 
they are not lost by any sxulden act of colouration^ but are 
simply rendered for a time invisible, as I have fully pointed 
out, by falling into a liquid (liquor sanguinis) having the same 
colom* and refractive index as themselves. 

If it could be conclusively shown that the advanced lymph 
corpuscles as found in the blood-glands, are colourless biconcave 
discs of the same size as the red corpuscles, or that they can 
become such before they leave the lymphatics (thoracic duct, 
&c.), this fact alone would afford strong presumptive evidence 
that they were the originators of the blood discs ; but when, in 
addition to this, the discovery is made that colourless discs exist 
in the blood in appropriate and corresponding numbers, and also 
discs in every intermediate stage of colour between these and the 
full red disc, it would seem that the claim put forth that the 
red discs are but gland discs* in a further stage of development 

* In this term is included the products of the spleen, bone-marrow, 
aiud the other blood-producing organs. 
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is impregnable, and the controversy as to the origin of these 
discs at an end. The remaining point relates to the acquisi- 
tion of colour, and on this head we are only ahle to say that the 
change from a colourless to a coloured disc takes place in a 
gradual manner, and that it occurs while the corpuscles are 
circulating in the blood. We know, in addition, that a colouring 
principle exists in the blood which is not haBmoglobin, but 
which belongs to this series.* We may, therefore, reasonably 
ask the question, is it a function of the colourless disc to 
absorb and raise this coloiuriug matter into haemoglobin ? 

I have ascertained that the blood of the full-grown 
foetus is very rich in ordinary white blood corpuscles and 
in colourless discs, but the latter are not nearly so fully de- 
veloped and perfected as in the adult, but exhibit more the 
characters of discs taken directly from the blood-glands ; 
indeed stronger i)roof could not be afforded that these colourless 
discs of the blood are the actual products of the blood-glands 
than is found in the foetus. If we take corpuscles from an 
incision in a gland and add them to blood, we of com'se, intro- 
duce them into the blood in a much less perfect state than 
when they mingle with this fluid in the ordinary way, yet cor- 
puscles so introduced compare singolarly well with the colourless 
discs found by the * method of packing ' in foetal blood. The 
difference between the appearance of the colourless discs of 
the foetal and the adult blood is probably due to the excessive 
activity of the glands, in the former case, an activity akin to 
that present in leukhsemia in adult glands, the corpuscles ire in 
fact the products of gi-owing, and not of pei'fected glands, simply 
in the exercise of their functions. The same is true in 
leukhsemia, the gi-owth, or hypertrophy of organs appears in 
these cases to be inconsistent with the perfection of the product. 

Even the casual observer of the products of the blood-glands 
cannot fail to be struck with the protean forms and appearances, 
and the great varieties of size under which these bodies present 

* Vide note, page 54. 
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themselves, and if the reseai'ch be extended to the yonng 
colourless discs of the blood, the same will be found true of 
these also. In both cases this is due to theii* extreme adhesiveness 
and plasticity, and to their great dependence upon the normal 
state of the liquids in which they are submerged. The various 
post-mortem changes of which Ijnnph corj^uscles ai-e susceptible, 
have been described on pages 15 and 105, and the changes which 
the colourless discs undergo on pages 56 and 57. It will be seen 
that the assimilation of these bodies in physical and chemical 
properties is veiy remarkable. These have been discussed 
under tlie headings of Size and Form — Colour — Adhesiveness 
— Liquidity — Specific Gravity — Granulation — Enlargement — 
Aggregation and Fuiion — Spreading, Lamination and Fibril- 
lation. It is obvious that with all these tendencies to 
spontaneous change it becomes absolutely necessary to adopt 
measures for tlic preseiTation of these bodies, and for the main- 
tenance of their true form and size ; and unless this is done no 
correct idea can be formed of their natm-e, or of the relation 
which they bear to each other. When these precautions have 
been taken we are able to demonstrate that no important 
difference obtains between the advanced lymph corpuscle, as it 
exists in the blood-glands, and the colomiess discs of the 
blood. In the first place they are both disc-shaped nuclei, of the 
same diameter as the red corpuscle, and the foimer is frequently, 
especially in young animals, irregularly and sometimes perfectly 
biconcave, the latter, when well preserved, is usually smoothly bi- 
concave, at other times more iiTegularly so, like the lymph disc. 
Li addition, these bodies undergo the same post-mortem 
changes and stain with the same stains, the only difference 
being that the colomiess discs of the blood require a 
stronger stain to display them, and do not become extended or 
swollen so much as the lymph discs ; in other words as these discs 
undergo their normal development, and depart fm:ther and 
fm'ther from the lymph stage, they also undergo gradual 
chemical alterations which are indicated by the refusal of the 
corpuscle to become stained with a strength of aniline blue 
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•competent to stain the lymph discs. They lose too their 

tendency to enlarge under the influence of this reagent, which 

is a marked property of the advanced lymph disc. There are, 

however, always to be found in the blood a certain number of 

•discs which correspond in every respect with the advanced 

lymph disc. The extreme tendency of this chemical 

change is seen when the corpuscles arrive at that stage of their 

•development in which they neither stain nor swell, and at this 

period they have acquired a moderate amount of haemoglobin. 

The origin of the red blood disc can be successfully traced 

•back to the primary cell of the blood-glands, the disc-shaped 

nucleus of which is set free, becomes smooth and biconcave, 

enters the blood as its colourless disc, and gradually acquiring 

-colour becomes its red corpuscle. If, on the other hand, the 

primary cell fails to imdergo eyiiicleation it passes on into the 

Jblood, and becomes there the uninuclear white corpuscle from 

which by proliferation of the nucleus, the multinuclear varieties 

of this body spring.* 



* Vide Section on LeokhaBmia. 



SECTION vm. 



On the Role of the Red Jjofie-nmrroiv in the formation of Bloods. 



It is the soft, reddish substance found chiefly in young 
subjects and growing animals, and which in the adult is con- 
fined mainly to the ribs and the vertebr89 (not the fatty marrow)^ 
which is held to be the blood-producing organ. This substance 
is loaded with corpuscles, some of which appeal' to be identical 
with the white corpuscles of the blood, or with colourless 
embryonic cells, such as those from which the nucleated red 
cells of the embryo are produced, while others are like the 
primary gland and splenic coi-puscles, and might readily be 
mistaken for naked nuclei. In addition to these bodies, there 
are to be seen others in the bone-man*ow, which are structurally 
similar to the white coi'puscles of the blood, but which possess 
a distinct yellow or red tinge. These are supposed to be inter- 
mediate products between \Yhite and red nucleated corpuscles- 
Such appearances as are here described are best seen in embryo 
bone-marrow, and in the adult state in that of some of the 
lower mammals, e.g,y the guinea pig. 

It has been claimed by Neumann that in the bone-marrow 
of man and the hare one constantly finds cells resembling the 
ordinary white corpuscles of the blood, and nucleated cells which 
are distinct from the preceding cells, by the fact that they 
contain a yellow colour and have a more homogeneous consistence.. 
These he considers to perfectly resemble those coloured 
embryonic blood cells which contain a nucleus. The nuclei of' 
some of these cells, he affirms, become divided into several 
parts, and lose their clearness of outline ; and in some such cells. 
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he regards the nucleus as havmg entirely disappeared. These 
latter he holds to he the transition forms between the red 
nucleated cells and the red biconcave discs. These transforma- 
tions he behoves to take place within the capillaHeH of the bone- 
marrow.* According to this theory the red biconcave discs are 
formed in the bone-marrow from the red exteriors of nucleated 
corpuscles, the nuclei of which have been absorbed or have 
undergone atrophy. 

Fomiieen years have elapsed since this view was first pro- 
mulgated, and during this interval, it has come to bo freely 
admitted that the red bone-marrow is a source of colourless 
nucleated cells, and that it plays an important part in leukhsBmia. 
yet it has never gained acceptance as a satisfactory explanation 
of the oiigin of the red biconcave discs.f 

Professor Kindfleisch having been unable to satisfy 
himself of the existence of these transition foims from the 
colourless coi'puscles, either in the bone-marrow or the spleen 
of the adult mammal, but nevertheless being inclined to admit 
the presence in the adult bone-man-ow of a few red nucleated 
cells similar to those which are found more abundantly in the 
early embryo and a few of the lower mammals, proposes for 
these bodies the designation Hicmatohlasts. He considers that 
they multiply by sub-division as in the blood of the early embryo. 
In the very young embryo of the guinea-pig he has observed 
the nuclei of their red cells to become separated from the 
coloured protoplasm. This latter substance he believes to con- 
tract and become modelled into the red disc. J Eindfleisch freely 
admits that he has rarely seen this take place in the marrow of 

* Many reasons have been given by Rindfleisch in favour of the view 
that no true capillaries exist in the bone-marrow, but the union between 
the arteries and veins is maintained by mere wall-less passages or 
channels. Under this view it is of course easy to understand how the 
bone-marrow products enter the blood. 

t This is entirely in keeping with the fact that it has all along been 
easy to account more or less perfectly for the white corpuscles, but very 
difficult to form any notion as to the origin of the red disc. 

t Vide Section I., Part IV. 
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the adult mammal, but attributes this to the paucity of such 
corpuscles, and to tlie area over which they ai"e spread. This 
argument would not of course apply to the adult guinea-pig, in 
whose marrow the red nucleated cells are nimierous. 

As the views of Kindfleisch constitute the latest attempt 
to clear up the mode of origin of the red biconcave disc 
of the mammal, I shall refer to them at some length ; but before 
doing so I think it will be better to x^lace before the reader the 
results of my own researches into the natm*e of the red bone- 
man-ow. I propose first to inquire into the part played by the 
bone-marrow in the process of blood foi*mation. To the extent 
that the morphological elements of the blood differ from each 
other, the question we have propounded becomes complex. Bed 
bone-marrow may be derived from a variety of sources : — 

1st. — From the mammal embryo dm'ing the early months 
of intra-uterine life. 

2nd. — From the mammal foetus at the later period of intra- 
uterine life, and at full teiin. 

8rd. — From the young and the adult mammal. 

4tli. — From the oviparous embiyo, during the state of 
incubation. 

5th. — From the young and adult ovipara. 

These bone-maiTows require to be examined and studied 
in the first instance quite independently of each other, and also 
to be contrasted with the formed elements of the blood which 
exist at the particular period ; ejj,, during the very early period 
of intrauterme life in the mammalia the blood contains 
colourless and coloured nucleated cells only. At this period 
the formation of blood is purely intravascular, and aidses from 
the subdivision of the colourless embryonic cells themselves. 
Later on the blood receives elements from without, but its 
corpuscles are still nucleated ones — white, red, and inter- 
mediately colom'ed ones (probably derived in the coloui'less 
stage from the spleen and lymphatics). A little later non- 
nucleated or red biconcave discs are added to these, so that the 
^elements in the blood now consist of colourless nucleated cor- 
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puscles, red nucleated corpuscles, colourless biconcave discs,* and 
red biconcave discs of all shades. We will consider in the first 
place the relation which the bone-maiTow of the mammal 
•embryo bears to its blood, and subsequently that which obtains 
•between the adult mammal bone-maiTow and its blood. 



'On the Belation which the Bone-Marrow of the Mammal J'Jmbryo 

bears to its BlooiL 



If we examine the blood of the embryo during the early 
periods of intrauterine life, we find one of its constant con- 
stituents to be colom-less, clear-bordered, nucleated cells. These 
•cells are shown in gi-eat perfection in Photograph 149, Plate XIX. 
In some cases the clear hyaline border which suiTounds the 
nucleus can be seen to have acquu-ed a little colom* ; indeed, if 
we seek carefully we shall find that there are always present in 
this blood nucleated corpuscles of every shade of colour 
'between the colourless one before refeiTed to and the fully 
•coloured nucleated corpuscle {vide Photogi-aph 150 and 151, 
Plate XIX j. The prior states of the clear-bordered, colouiiess, 
•cell itself can also be traced in every stage of development in 
the blood from a nucleus-like looking corpuscle having an 
•average diameter of about 6-20,000ths of an inch, but which in 
reality is a true cell, the capsule or wall of which is at first in 
•close contact with its nucleus {vide Photograph 152, Plate 
XIX). This appears to be the analogue of the primary 
lymph coi-puscle foimd in the lymph glands and in the spleen 
of the adult mammal, and its development into a colourless 
•clear-bordered, nucleated cell, and from this into a coloured 
nucleated cell, can be traced with great facility in the blood of 

• The invisible colourless disc or advanced lymph corpuscle. 
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the human embryo. In Photographs 160 and 161, Plate XIX. > 
these colourless, clear-bordered, nucleated corpuscles may bfr 
seen lying among ordinary red discs, and the mode in which 
they gradually become enlarged and obtain colour may be 
traced. These observations appear to show that the clear, colour- 
less, nucleated cells found in the blood of the embryo acquire their 
colour gi-adually in the blood ; and this view is supported by the 
fact that these same corpuscles are found plentifully in the pulp 
of the embryo spleen, and have not in this situation acquired 
any colom\ This may be seen in Photograph 153, Plate 
XIX., which is a specimen fi*om the spleen of the same 
embryo. We see, then, that the red nucleated cell of. the 
embryo commences its existence as the clear, colourless, 
nucleated cell, and that between the latter and the former 
every gi*ade of intermediately coloured cells can be found ; but 
in addition to these cells, which constitute an unbroken series^ 
there are present also in this blood, numerous ordinary red 
discs, and we find that these, too, have various shades of colour^ 
from a colourless disc (invisible corpuscle) to the full red disc — 
precisely similar to what exists in all mammal blood, a's de- 
picted in Photograph 61, Plate XII. If from the embryo blood 
we tmnto its bone-man*ow, we discover in it many of the elementa 
which we have already found to be constituents of the blood. 
When we reflect that the blood flows through mere wall-less, 
channels in the red marrow, we may see how impossible it will 
be to take bone-marrow for examination without sometimea 
getting blood elements mixed with it, and it is clear that unlesa 
important differences can be shown between such elements as. 
found in the bone-maiTOw and similar ones found in the blood, 
we should scarcely be justified in regarding them as belonging- 
to the former som^ce.'*' 



* In order that erroneous ideas may be avoided as to the qnantity 
and shape of the red marrow corpuscles, Bindfleisch advises that the 
vessels of the animal should he well syringed out with a three-quarter per 
cent, solution of sodium chloride, and then that the bone-marrow speoi- 
men should be diffused into a similar solution for examination. This, 
plan has some advantages ; but these are counterbalanced by the faoi 
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The reader will do well to compare Photographs 150 and 
161, Plate XIX., of blood obtained from the aorta of the 
•embryo, and Photogi-aph 164, Plate XIX., of bone-marrow from 
the rib of the same embryo. It is obvious that, taken by itself, 
there would not be sufficient difference between the red 
nucleated cells in the two cases to warrant us in affirming 
that those seen in tlie marrow had been produced in situ any 
more than there is sufficient difference between the red disc 
seen here and in the blood to warrant a similar conclusion. 
On the other hand, if there are any bodies found in the bone- 
marrow which are not found at all in the blood, or found 
plentifiJly in the former site and sparsely in the latter, we are 
entitled to regard such as forming its proper constituents. It 
appears obvious, however, that before we commence to discuss 
' the function of the red marrow we must be in a position to 
•deduct from it all such bodies as may reasonably be considered 
to be derived from the blood. In tlie blood of the embryo we 
have to account mainly for two elements — the red nucleated 
corpuscle, and the red disc. To do this we require to know 
from whence the blood derives its colom'less, clear-bordered, 
nucleated corpuscle, and its colourless disc (invisible corpuscle). 
The antecedents of both of these bodies we can find readily 
•enough in the spleen and lymphatic glands of the embryo, 
as the primaiy and advanced lymph corpuscles, and we can 
trace the development of both of them in the blood, right 
through their course, till they eventuate in red discs, and there 
seems also to be considerable evidence that some of the red discs 
found in the blood have resulted from changes in its red 
nucleated corpuscles, for similar proof of nuclear absorption can 
be found there as in the bone-maiTow substance. {Vide 
Photographs 160 and 151, Plate XIX., and descriptions.) 



that the bone-marrow cells swell up greatly under the influence of the 
saline. On this account I have always preferred to examine these 
bodies in their own plasma. No doubt syringing out the vessels enables 
us, as Bindfleisch says, to be more certain that what we have before us 
has really formed part of the true bone-marrow Rubstance. 
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We must now inquire what elements the embryo bone- 
marrow contributes to the blood, and in what condition these 
enter it. 

The embryo bone-marrow has this peculiarity, that certain 
of its constituents are posse ised by it in common with the- 
embryo blood. Thus it has the primary lymph, and the colour- 
less, clear-bordered, nucleated corpuscle, which originates 
fi.om this by osmosis.* This coi-puscle exists in all stages of 
colour to full red. The colomiess or invisible discs and red 
discs -exist also in all stages of colouration, with certain diversi- 
ties of appearance. All the elements we have just mentioned 
can be fomid in the embryo blood, and therefore the temptation 
to view them as accidental contaminations fi*om this source is. 
very great, for everyone must feel how difficult it is to obtain 
specimens of bone-marrow for examination entirely free from 
blood. 

If we were alone concerned with embiyo forms we might, 
readily accept this view, and by the withdrawal from considera- 
tion of the elements which are also present in the blood, place 
the bone-marrow on a level with the spleen and glands as yield- 
ing only colourlesH products ; but we have before us the fact that 
in the guinea-pig these red nucleated constituents are present in 
the bone-marrow throughout adidt life, and become fully coloured 
in situ, and the additional fact that no nucleated coloured cells can 
be found in this blood. Now, if none of the fully developed^ 
red nucleated elements of the adult guinea-pig pass on into the- 
blood, it is unreasonable to suppose that m the normal order 
of things any of the corpuscles which constitute the antecedent 
stages of these bodies do so. As we are in a position to indi- 
cate with great accuracy in the guinea-pig the colourless bone- 
marrow corpuscles fr-om which the coloured nucleated ones. 
arise, it is clear that we must also regard these as stationary 
elements of the man*ow. If the marrow of the adult guinea- 
pig yields any products to the blood by virtue of the presence 
in it of red nucleated cells, these must be fully formed red discs, 

• Fid«page 117. 
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and we may expect, therefore, to find a few in the bone-marrow^, 
giving more or less evidence of being recent formations. The 
whole series of elements or corpuscles concerned in the produc- 
tion of the red nucleated corpuscles of the adult guinea-pig 
must necessarily be stationary products of the bone-marrow». 
and can have no other pm-pose besides the production of red 
discs through the intermediary agency of red nucleated cells.* 
This being the case it is probably true also of the embryonic 
condition; indeed, this process in the adult guinea-pig, and 
some few other mammals, appears simply to be a persistence 
throughout life of conditions which are essentially embryonic. 
Further evidence that the embiyo bone-marrow is to be regarded 
as a region in which blood coi^puscles are produced, and colom^ed 
in situ, is found in the fact that side by side with the process. 



* Bindfleisch appears to have been uuable to trace the connection 
which subsists between the colourless cells of the boue-marrow and the 
red nucleated ones, for he says, " I have only negative information to 
give on the subject of possible prior states of the red nucleated cell. 
In the course of my numerous attempts to find out the right mode of 
development I have been obliged continually to turn a\vay from the 
probability that there is a granulous prior state of the red nucleated cell. 
There are granulous cells which older creatures possess in some quantity 
in the bone-marrow, but these are mostly regressive elements or pig- 
ment cells in the marrow, but not young blood corpuscles. That 
colourless blood corpuscles gradually get a reddish yellow fringe, and 
thus necessarily change into red nucleated corpuscles, is an hypothesis. 
which I share with my fellow-professors, and which I uphold at present, 
but which I cannot sufficiently prove from examinations made on guinea- 
pigs, or on other animals who have non-nucleated red blood corpuscles. 
I shall later on state that among the colourless corpuscles of birds^ 
spleen the required forms of transformation are found. I have not made 
identical observations from the marrow and spleen cells of the guinea- 
pig, hare, pig, or man. It appears to me likely that there exist certain 
transformations from the marrow cells to the red nucleated cells, but as 
the necessary proofs are disproportionately few, I had to leave this hypo- 
thesis as possible, and to content myself with the positive facts that the 
lari^er red nucleated cells increase by division, and that the younger cells 
are about Jths the size of the mother cells." The detection of the transition 
''orms depends almost entirely upon the capacity of the individual to 
estimate the presence of delicate shades of colour, and under some, cir- 
cumstances this becomes impossible. It is then that the exquisitely 
delicate test afforded by photo-chemistry comes to our aid. 
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which forms red discs from red nucleated cells, an entirely 
-different mode of red disc formation is simultaneously going 
on which corresponds entirely to the major mode of blood 
■development in adult mammals, and to which I have in this 
work devoted so much consideration, viz., the foniiation of red 
discs by the direct colouration of mwlear bodies. This process, 
which may be seen in Photogi-aph 155, Plate XIX., in full 
operation, was going on in another rib of the same embryo from 
which Photographs 150 and 151, Plate XIX., were obtained. 
This differs only from the general method in which mammalian 
red discs are formed in the fact that instead of occurring in the 
circulating blood, it is taking place in a special locality through 
which blood freely permeates, and the lymph nuclei are seen to 
be taking up coloiu: before they have attained that exquisite 
dehcacy and smoothness which they possess as the invisible 
corpuscles of the blood, i.e., they still possess the furrowed 
irregular surface peculiar to lymph nuclei.* 

If now we turn our attention to the colourless cells of the 
embryo bone-marrow, we find them to be present in large 
numbers, and to exhibit very diverse appearances. Thus we 
have — 

1st. — Smooth dark cells of variable size, ranging in fact 
from 6 to 8-20,000ths of an inch in diameter. 

2nd. — Cells which appear to be the same as the previous 
ones, but which look larger, owuig to their envelopes and dark 
protoplasm being now in a coarsely granular state. Fiom many 
of these cells this coai-se, outer covering is obviously under- 
going removal, and exposmg a lighter coloured, more finely 
granulous interior body. {Vide Photogi'aph 156, Plate 
XIX.) " • 

3rd. — A fr'ee nucleolated nucleus, which previously lay 
within the coarsely granular cell, but which is set at liberty by 
the dissipation of the exterior dark granules. (FtW^ Photograph 

* This mode of blood formation in the embryo has hitherto escaped 
observation, and is strong corroborative evidence of the general views 
mai tained in this work. 
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157, Plate XIX., in which the smaller coi*pascles are the ones 
referred to). 

4th. — ^In the advanced mammal embryo, when ordinaiy 
red discs are being formed, we find in addition, by the aid of 
saline aniline blue, which swells it up into a large disc, as in 
the case of the advanced lymph coi-puscle, a free nucleolos, 
which has been set at hberty by the disintegi'ation of the capsule 
of the body nmnber three. These bodies when stained sweU 
np greatly, and show themselves as in Photograph 112, 
Plate XV. 

In the section ** On the moi-phological elements of the 
blood glands," I have shown that the earher or primary cells 
have' a pigmentary chamcter, and ai-e sometimes, when photo- 
graphed, as dark as the red coiTpuscles. Examples of this may 
be seen on reference to Photogiaplis 108, 108, 110, IIG, etc.. 
Plates XV. and XVI. The same thing is tnie of the early 
cells in the bone-marrow, and, as in the case of the lymph 
■corpuscle, this dai'k protoplasm undergoes disintegi'ation, and 
probably solution. The oiiginal bone-maiTow corpuscle appears 
to be a peifectly typical cell, i.e., a structme possessing an 
external wall, a considerable amount of pigmented protoplasm, 
a nucleus and nucleolus, and the changes which take place m 
it, for the production of the blood corpuscles, nucleated or non- 
nucleated, ai*e of a regressive character, the disintegration of its 
piimaiy capsule giving rise to the body fi*om which the clear 
colourless nucleated corpuscle is produced, and of its secondary 
•capsule the body from which the non-nucleated mammahan disc 
originates. 

It would appear that in most cases pigmentary matter is 
brought with the corpuscles, probably as the basis material for 
the formation of haBmoglobin." In the spleen and gland cor- 
puscles of the adult mammal this is got by the disintegration of 
the capsule and protoplasm of the primary corpuscle, which sets 
free the nucleus necessary for the foimation of the invisible 
disc, but in the case of the mammal embryo and of the ovipara, 

♦ Vide page 107. 
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where a nucleated corpuscle is demanded, a more typical cell i» 
required, i,e,, a cell possessing a nucleolus, and thus the outer 
layer of pigmented protoplasm can granulate off as usual into 
the plasma of the bone-marrow. 

In Photographs 158 and 159, Plate XIX., of bone-marrow 
from the sternum of the athdt guinea-pig, we are able to trace 
all the transition foims from the coarsely granular, pigmentary 
cell to the red nucleated cell, and we notice that although cells, 
of all sizes are present, yet that there is a general tendency in 
corpuscles as they assume colour for the nucleus to become- 
smaller and the cell more condensed, approaching more nearly 
to the size of the red discs ; but although the nuclei have become^ 
irimall and comparatively smooth, they are still distinctly visible, 
and if the condensation or atrophy of the nuclei proceeded much 
further, it seems probable that they would in some instances, 
become even smaller than the red discs. There appears also to 
be evidence that the altered and modified nucleus may disappear 
ultimately from view by itself becoming coloiu-ed. There is 
nothing extraordinary in this .conception when we reflect that 
this nucleus is the very body which ni the second mode of 
corpuscle production in the embryo, becomes coloured after it 
has been freed from the colourless cell of which it formed a 
part.''' 

* Eiindfleisch considers the red disc to be formed from the red nucleated 
cell by the emigration of the nucleus of the latter. He has observed this- 
separation to take place in very young embryos 5mm. in length, but has 
not seen it in older embryos, or to any extent in adult mammals. For my 
own part I regard it as a purely accidental circumstance not due to the 
emigration of the nucleus, but to the fact that the corpuscle becomes- 
adhesive to the slide at the point where the nucleus Hes, and the soft 
red protoplasm is then torn away from it by currents in the liquid. It is 
in this way that the temporary balloon or bell-shaped forms are pro- 
duced. If these forms or approximations to them are retained after 
the act of separation, it is owing to the elasticity of the corpuscle being 
held in abeyance by the altered state of the serumi. Frequently, when this, 
occurs, the separated mass of coloured protoplasmi assumies at once the 
globular form. My own observations of the manner in which red 
discs are formed from red nucleated cells in the embryo and in some 
of the lower adult mammals are more in favour of the absorption and 
modification of the nucleus in situ. 
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The cells in the adult guinea-pig which become coloured 
are veiy variable in size, and the nuclei in them are often quite 
incapable of being seen, and this both before and after they have 
attained colom*. This appears to be due to the density and 
opacity of the protoplasm, and it seems probable that if it 
absorbed a certain amount of water it would become trans- 
parent, and the nucleus would be disclosed. 

There are small coloured corpuscles in the marrow of the 
adult guinea-pig which look very much Hke coloured nuclei ; 
but I think a close inspection of these bodies under favourable 
conditions will invaiiably show them to be nucleated cells, 
possessing a minimiun amount of protoplasm. I allude to the 
small coloured corpuscles which adhere together in groups, as 
shown in Photograph 160, Plate XIX. As one is not able to 
trace in the bone-marrow of the adult guinea-pig the second 
mode of blood formation, such as is seen in the embryo, viz., 
the direct conversion in situ of colourless nuclear discs into red 
discs, it is therefore probable that this mode, if it obtains at 
all, goes on to a very limited extent only, having given place to^ 
the regular mode which obtains in the higher mammals, viz., to 
that of producing and transmitting colourless non-nucleated 
discs to the blood. For further remarks on this point see 
description to Photograph 160, Plate XIX. 



On the Relation which the Bone-Marrow of the Adult Mammal 

hears to its Blood. 



Previous writers on the bone-marrow have endeavoured to 
show that its fanction in the adult mammal is to produce a red 
nadeated cell * which undergoes transformation into a red disc. 

* Bindfleisch has given the name hamatoblast to this red nucleated 
oell, while Hayem has proposed the same name for the colourless, clear 
nndletttod oell, which he regards as the antecedent of the red nucleated 
oocpiiade in the ovipara. 
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Tliis idea is essential to their conceptions of the mode by which 
this substance contributes to the development of the blood. 

This view has been largely derived from the study of 
embryonic bone-marrow, and from the fact that red nucleated 
cells could always be found in the marrow of some adult 
mammals, e,g,, the guinea-pig. In the presence of this view, it 
becomes a most essential point to g^scertain two things. 

1st. — Whether red nucleated cells exist in the bone- 
marrow of all mammals. 

2nd. — If they do, whether they exist in sufficient numbers 
to exert |iny important influence over the production of the red 
discs. 

As the result of a most rigorous and protracted inquiry 
into this question as to whether all adult bone-marrows contain 
red nucleated cells as a constant and essential constituent, I 
have been able to arrive at the following conclusions : — 

• In certain mammals, such as the guinea-pig, rabbit, etc., 
red nucleated cells can be found in fair quantity, even at an 
advanced period of Ufe. 

In large mammals, a few weeks old, e,g,, the calf, a few 
aborted structures* of this kind may occasionally be seen. On 
the other hand, the most rigid scrutiny of the bone-marrow of 
the ox, adult pig, sheep, etc., has failed to discover, except at 
the rarest intervals, even aborted bodies of this kind. Now, it 
is obvious that, if all mammals are equally dependent upon 
these bodies for the formation of their red discs, they 
should in all cases bear a definite proportion to the number of 
red discs produced. If, for example, they bear the same share 
to the development of the red discs of all mammals as they do 
to those of the guinea-pig, then they should be present in the 
bone-marrow of such mammals to the same extent as in that 
of the guinea-pig,, and, if this is not so, it shows that what is 
taking place in these lower mammals is altogether exceptional 



^ Structures altogether inoapable of forming red discs either by 
absorption of the nucleus or separation of the imperfectly coloured and 
scant exterior. 
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in its character. In my observations on the bone-marrow of 
the embryo I have stated that structures which are only 
sparsely found in an organ must be viewed with considerable 
suspicion, as probably being accidental contaminations, or as 
being the products of functions or processes which have under- 
gone incomplete suppression. The latter view, is, I beheve, the 
true explanation cf the presence, in moderate numbers, of red 
nucleated cells in the bone-marrow of young and adult lower 
mammals, and of their almost entire absence in that of the 
higher. 

The embryonic mode of red disc formation from nucleated 
cells gives place more or less completely to the more rapid and 
less roundabout processes which I have shown even in the 
human embryo, to be superimposed upon the former, viz., the 
formation of red discs by the colouration of free nuclei. 

If after the examination of the bone-marrow of the 
embryo mammal, or of such man*ows as those of the 
ftdnlt guinea-pig, we turn our attention to this substance 
in the higher mammals, we are struck with the great 
paucity of coloured blood elements, the marrow appearing 
to consist almost entirely of similar colourless cells to those 
which we have described in the bone-marrow of the embryo* 
Thus we have no difficulty in finding the smooth, opaque, dark 
cells which, by the granulation of their protoplasm, give rise to 
the coarse, dark granule cells. Photographs 161, 162, and 16& 
(from the rib of the ox), and 164 (from the pig), and 165 (from 
the rabbit), Plate XXI., give examples of these bodies in their 
smooth and granular condition. This dark capsule can con- 
stantly be seen granulating off, and it then reveals a lighter 
comparatively opaque body, in the interior of which, generally 
hidden from view, there Hes a nuclear structure {vide Photo- 
graphs 161, 162, 168). In some of them which have become a 
little more transparent this nucleus, or rather original nucleolus^ 
of the perfect cell can be readily seen [vide Photograph 166). 
The exteriors of these cells appear in their turn to disintegrate^ 
and to set at Hbei*ty naked nuclei, which aj^pear in some instances 
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to gain a little colour while still in the bone-marrow, but which 
in the main pass on into the blood to swell the number of its 
colourless discs {vide Photographs 167 and 168, etc.) As in the 
mammal embryo, so in the adult, the colourless corpuscles of 
the bone-marrow, various and diversified as they seem, appear 
to result entirely from changes in a typical cell, which is present 
in various stages of growth and development, and which, being 
exceedingly prone to jwst- mortem change, becomes much 
swollen and altered from its normal states."^' 

In the bone-marrow of the higher mammals it is quite 
obvious that the embryonic mode of producing the red disc 
has entirely given place to the splenic and lymphatic modes, 
and there is no longer any difference in the colourless products 
of these organs, except that in the bone-marrow, the cell from 
which the white corpuscle and the red disc is produced, is seen 
a stage further back in its existence, viz., in the condition of a 
smooth and coarsely granulous pigmentary cell.f The 
nucleated bodies which are set free from these dark masses of 
granules, correspond entirely to the cells I have in other cases 
designated the primary lymph corpuscles, and can, as in their 
case, be made by osmosis to show their external envelopes, 
while the nuclei at once stand revealed {vide Photograph 169, 
Plate XXI., fiom bone-maiTow of call). By the addition to the 
J'resh marrow of any mammal of very weak saline aniline blue, 
the nuclei which are already set free are brought palpably into 
view. [Vide white- spreading coi-puscle in Photograph 170, Plate 
XXL, and its description.) 

There seems, therefore, to be in the mammal (embryo and 
adult) two methods by which non-nucleated red discs are 
produced : — 

1st. — By the conversion in the bone-maiTow of red nucleated 
cells dii'ectly into red discs. This method is in operation in the 
mammal embryo generally, and also in the adult guinea-pig, 
rabbit, etc. 



* Vide Page 15, Section I. 

f lu the calf these pigmeiitaiy coarsely grauular cells appear ta 
be fewer in number. 
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2nd. — By the colouration of naked lymph nuclei. This is 
the super-imposed or advanced mode of production of red discs 
in the mammal emhryo, and may be readily seen in operation, 
because the lymph nuclei are gaining colour in situ, and are 
less developed, i,e,, more like lymph corpuscles than they are 
after they have become the colourless discs of the blood. {Vide 
Photograph 155, Plate XIX.) 

The only difference between the second mode of develop- 
ment in the embryo and that which goes on generally in the 
blood of the adult mammal, is that the lymph corpuscles 
become coloured in the former case in the bone-marrow, but not 
in the latter case till they become denizens of the blood, and 
by this time they have lost their coniigated appearance, have 
become smooth, and are no longer to be seen under the 
ordinary methods of examination. The few exceptional 
instances in mammals in which fully developed red nucleated 
<5ells are found in the bone-marrow, and probably give rise to red 
•discs, are to be regarded as due to the survival or persistence of 
the embryonic method, which is gradually giving place to a 
higher mode, but retains its hold in the bone-marrow for a 
longer period than elsewhere. Even in these cases of the 
lower mammals where red discs are being formed in the bone- 
marrow alone, in small numbers, from red nucleated cells, the 
same bone-man*ow furnishes to the blood, advanced lymph discs, 
to become converted in the blood into red discs by gradual 
•colouration. Some mammals ai*e exceptional (so far as their 
bone-marrow is concerned) in retaining traces of the embryonic 
method of development. The embryo mammal developes its 
red discs also from the advanced lymph coi-puscles, and its 
nncleated red corpuscles from the primary coi-puscles of the 
spleen and lymphatic glands. Both these corpuscles get their 
'Colour in the blood. 

In the higher mammals, shortly after birth, the develop- 
ment of red dies from red nucleated cells is almost entirely sup- 
pressed, and the bone-marrow, like the spleen and the 
lymphatics, yields to the blood free naked nuclei, which become 
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transformed into its coloui-less discs, and gradually by the 
attainment of colour into red discs. In the higher mammals, 
therefore, the tendency is to complete uniformity of method to 
the extent that the embryonic conditions of the bone-marrow 
are departed from. 

Eindfleisch admits that it is in the guinea-pig bone-mar- 
row that he has had most success in finding coloui-ed nucleated 
cells, aud also that their spleen products will not help out thia 
view of blood development. The guinea-pig has not a greater 
number of red discs than other mammals, and if in aU 
mammals they are produced from red nucleated cells, then 
these latter cells should be formed in as gi'eat numbers in their 
bone-man*ow, whereas in most cases they are almost entirely 
absent. The fact is, the embryonic mode of blood development 
in the bone-marrow from red nucleated cells does not persist in 
the higher mammals, save as an aborted and suppressed 
function. 

Conclusions. 

« 

The preceding observations warrant, I think, the following 
general conclusions : — 

1st. — That at an early period in the life of the mammal 
embryo, red nucleated cells are developed from the colourless- 
corpuscles of the bone-marrow. 

2nd. — At a more advanced period of embryo life the red 
nucleated cells appear to undergo in the bone-marrow conversion 
into red discs, and simultaneously a new method of develop- 
ment of red discs springs up, which consists in the assxmiption 
of hsBmoglobin by naked nuclei which have been set free by the* 
disintegration of some of the colourless cells of the marrow. 

8rd. — After birth, in the majority of mammals, the forma- 
tion of red discs by the modification of red nucleated celis- 
ceases, or becomes an aborted process, and the formation of red 
discs from naked nuclei is so far modified that the free nuclei 
leave the bone-marrow and enter the blood in a colourless state 
to acquire colour in the circulation. 
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4th. — ^In some few mammals the embryonic mode of form- 
ing red discs by the mod^cation of red nucleated cells continues 
to a limited extent, throughout life, alongside the numerically 
&r more important one of transmitting naked nuclei to the 
blood to become its colourless discs. 

6th. — As in the splenic and lymphatic forms, bone-marrow 
leukhsemia arises from an excessive formation of colourless 
nucleated cells, which are forced over into the blood before they 
have undergone those regressive changes which fit them to> 
become the colourless discs of the blood. 



SECTION IX. 



On the Nature of Leukhamia, 



As everyone knows, the disease which bears this designa- 
tion was discovered in our own time almost simultaneously by 
Bennett and Virchow. The attention of these observers was 
Arrested by the presence in the blood, of certain anaemic-looking 
patients, of an unusual number of white blood corpuscles. The 
latter author subsequently showed that this condition of the 
blood was associated with enlargement of the spleen and 
of the lymphatic glands, and this observation has strengthened 
the opinion that these are the organs which normally supply 
the blood with its white corpuscles. 

As blood highly charged with these colourless bodies becomes 
much paler in tint than usual even to the naked eye, the appli- 
cation of the term white blood is justified. Further observa- 
tion of this disorder has shown that the red blood discs diminish 
in the ratio of the increase of the white corpuscles. The reason 
of this has received no explanation, and according to the view 
generally held that the red discs originate only from the white 
corpuscles it would seem to be inexplicable ; for the greater the 
number of progenitors the more numerous one would think should 
be their offspring. 

It is generally affirmed that the condition of the spleen 
and of the lymphatic glands is one simply of enlargement or 
hypertrophy, and although these organs may attain to a very 
great increase in volume, even in the case of the lymphatio 
glands, nevertheless the condition is simply one of a true over- 
growth, i.e,, of a proper relative development of all the histolo- 
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^cal constitaents. If this is so we can look for uothiug but au 
increase in the elements which it is the normal fmiction of the 
organ to produce, and if the assumption be correct that it is the 
function of these organs to produce bodies identical with the 
white corpuscles of the blood, then the excess of these bodies 
present is easily understood, but the difficulty in respect to the 
origin and development of the red discs is increased. In 
Section V., ** On the morphological products of the blood glands," 
I have endeavoured to show that the true physiological func- 
tion of these organs is not to produce spherical cells analogous 
to the white blood corpuscles, but, on the contrary, nuclear 
discs, which in the ordinary course of things take their place in 
the blood as its coUnwIenH binnimve disc, 

I have further shown that the process by which this is 
effected is by no means roundabout or slow, but, on the con- 
trary, shoiii and direct ; that, in fact, a more rapid mode of blood 
production could not be readily conceived ; and that to the 
extent that this method is departed from, the blood-making 
process in the mammal becomes a comparative failure ; in other 
words, the process of blood-making is perfect in proportion 
to the extent to which the mode of development which I have 
•designated the major proceaH is in operation. 

In our efforts to understand the nature of leukhaemia, we 
must keep steadily in view the fact that the bodies which it is 
the function of the blood-glands to produce are discoid ones 
of about the same diameter as the red blood-discs which are 
divisible into two kinds, representing stages in their 
development, a pnmary one or true cell, and an advanced 
one, which is the disc-shaped nucleus of the former. We must 
■also recognise the fact that the blood-glands are not simple 
•sites for cell production, but also regions in which a process of 
development occm:s ; that, in fact, the gland reticulum subserves 
the function of a delay station or incubating ground, in which 
the conversion of the primary into the advanced lymph 
•corpuscles takes place. In other words, these trabecular net- 
works are regions of arrest and entanglement, in which the 
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corpuscles are detained while being submitted to the processea 
which determine the disintegration of their external envelopes 
and the liberation and development of their contained nuclei. Aa 
this transformation occupies some time, a certain length of stay 
of the corpuscles in the retiform tissue of the glands is obviously 
necessary. How the primary lymph corpuscles originate in the 
blood-glands we are not at present in a position to state ; but 
from a careful consideration of the anatomical constitution of 
the lymphatic glands we may obtain the assurance that their 
production takes place in the central portions of the pulp 
cords in immediate contact with the capillary vessels, and that 
the corpuscles first produced are pressed outwards towards the 
lymph sinuses and paths. From this, it follows that the altera- 
tions which are effected in the corpuscles during their residence 
in the glands occur principally while they are passing from the 
centre to the periphery of the pulp cord to be washed away in 
the lymph stream. The time, therefore, allowed for develop- 
ment in the glands is determined by the length of time thia 
process takes, and there is, no doubt, a particular rate which 
gives the most perfect results. 

Now it might seem, that if we had slow and uniform 
enlargement of the glands, as is the case in leukhaBmia, with 
regular and well regulated increase of all its constituent vessels, 
cells, reticula, lymph paths, etc., then there would be no reason 
why the primary cells should not remain the normal length of 
time and undergo then* customary conversion into advanced 
lymph corpuscles or nuclear discs, and in such a case there 
would be no leukhaemia, because it would simply be equivalent ta 
the substitution of a larger gland for a smaller one, the function 
remaining unaltered ; hence it would seem that mere hyperplasia 
is not competent to the production of a leukhsemia. It ia 
necessary, however, to bear in mind that the* process of ceU 
formation, as it occurs in these glands, is an intermittent one, 
dependent upon those natural periodic hypersemias which occur 
at considerable intervals in connection with the digestive 
process, and that between these periodic accessions of blood. 
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there is a time of comparative quiescence, in which little or no 
fresh cell production occurs, hut which may faii'ly he regarded as 
a period devoted to cell elahoi-atiou, and to the development of 
the corpuscles which are destined to he thrown off at the next 
period of turgescence. This is the normal process. 

On the other hand, in leukhasmia the glands enlarge and 
^grow under an excitement derived from a pathological stimulus 
too mild to excite in them a state of actual inflammation, hut 
capable of maintaining a condition of constant liyperaemia, and of 
tissue activity sufficient to lead to a continuous excessive produc- 
tion of the primary lymph corpuscle ; in other words, the process 
of cell formation will be rendered continuous with peiiodic 
^xarcerbations. Such pathological conditions would inevitably 
limit the length of stay of the lymph corpuscles in the glands, and 
in this way interfere with their due development, and cause tliem, 
instead of becoming converted into free nuclei to pm*sue a 
•cellular development and to present themselves in the blood as 
uninuclear and multinuclear white corpuscles, as I have before 
explained in treating of tlie origin of the white blood coi'puscle. 
In this way tee are able to understand how a constant ht/peramia, 
which leads to hypertrophj/y also leads at the same time to nnwerical 
increase of the white corpuscle at the e.rpense of the red. 

Abundant evidence has been given in the course of this 
research to show that the lymph corpuscle and the white blood 
corpuscle cannot be regarded as identical, and that the early 
form of the lymph coi-puscle is a body siU generis, which may be 
converted, according to the conditions in which it is placed, on 
the one hand into a colourless biconcave blood disc, or ou the 
other into a white blood corpuscle. 

The nucleated white corpuscles, as seen either in the 
thoracic duct or in the blood in the liealtliy state, or in excess 
in the diseased condition leukLiumia, are to bo regarded as primary 
lymph coi-puscles, which arc pursuing the ordinary course of 
cell development, because they have failed to remain long enough 
in the gland pulp to lose their cell-walls and become free nuclei 
as a preliminaiy step to their conversion into colourless bicon- 
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cave blood discs. The essentud fact of Jexiklucmia is the failure on 
the part of the (jlands to jyroperhj set free and develope tlie nuclei of the 
pninarij lymph corpitscle. For every white blood corpuscle formed, 
the production of a colourless disc, and therefore of a red corpuscle^ 
is, to say the least, postponed, and a slow method of blood 
formation is substituted for a rapid one. We see, then, how 
simple a matter it becomes on this view to account for the 
increase of the white corpuscles of the blood and the coincident 
decrease of the red ones. 

I repeat that the blood glands are not, as hitherto 
universally held, to be regarded as the breeding ground 
for the white coi-puscles of the blood, but, on the- 
contrary, for the colourless discs which are destined to becom& 
the red corimscles, while the white corpuscles are in truth 
but a small minority of primary lymph cells which have 
escaped the changes necessary to fit them to follow thia 
course. It will be seen that leukhaamia is a condition in 
which the latter process becomes excessive at the expense of 
the former : in brief, it consists in the persistent and continuoua 
production of primary lymph cells at a rate which enforces 
their exit from the glands before they have been in them long^ 
enough to undergo their normal development into free nuclei 
and to become perfected into advanced lymph corpuscles, in 
which case they grow and run then* course as white blood cells^ 
or pass into the blood as imperfectly developed nuclei, instead 
of being transformed into colourless and subsequently into 
red discs. LeukhcBiniay in a xoord, is the encroachment of the 
minor upon the major process of blood making, {Vide Diagram 1^ 
Plate XX., and description.) As all the sources of blood 
production (lymphatics, spleen, and red bone-marrow) may 
become involved in the leukhaemic dyscrasia we may have 
one, two, or all of those forms represented in the 
blood, which have been specially designated lymphsBmia, 
splenhaemia, and myelhasmia. The first is probably distinguish- 
able by the colourless corpuscles being a little smaller and 
having more simple and more strongly granular nuclei. The 
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ordinary large, finely-granulous, white corpuscle may be taken 
as evidence of the second ; while the third variety is more liable- 
to yield to the blood a coarsely granulous colourless corpuscle. 
All these bodies will be nucleated cells. On the other hand it is- 
desirable to bear in mind that with such nucleated cells there may 
pass over into the blood m&njfree mcclei in an imperfectly de- 
veloped condition ; for the function of the blood-glands is not simply 
to set free the nuclei from the primary lymph cells, but also to 
develop and fit them to enter the blood as its colourless discs. 
This often fails to be accomplished in leukhaamia, and as a con- 
sequence many free disc- shaped nuclei which have failed to 
become smooth and biconcave present themselves in the blood* 
The precise condition present in any case may always be- 
readily detected by means of weak saline aniline blue, which 
distinguishes the free nuclei from the cellular bodies, staining 
and swelling up the former in proportion to their degree of 
development, and, on the contrary, failing to stain and tending to 
cause contraction in the tiTie cells (vide Section V.) It is 
desirable also to bear in mind the j^ossilnlitt/ of a pseudo- 
leukhsBmia arising in the blood itself, independently of any 
derangement of the sources of corpuscular supply ; for if we 
reflect that the blood contains in the shape of colourless disca 
a great amount of colourless matter, which ordinarily is not 
seen, but which might be brought into view by any morbid 
condition of this fluid, capable of causing the colourless discs to 
aggregate into masses and to become granular, we can easily 
understand how an embolic and highly fatal form of 
disease might rapidly arise in the course of other morbid 
states. 



SECTION X. 



On the Nature of Anaemia, 



The designation anaemia is perhaps more applicable to that 
condition which obtains after severe haBmoiThage, in which the 
volume of the blood lost is replaced by water abstracted from 
the tissues, a condition in which all the solid constituents of 
the blood ai'e propoiiiionately diminished. The term has, 
however, received a much more extended appHcation, and is 
now used to denote conditions in which the red corpuscles only 
are deficient in number, and are replaced by water. In a given 
volume of such blood, say 1000 pai*ts, there is usually a decrease 
of the solids and a coiresponding increase of water. Most 
anaemias therefore involve hydi'aemias. The essential feature of 
anaemia, arising from disease, consists in a deficiency of the 
average amount of lucmotjlohin per corpuscle, and generally is, 
though exceptions are said to exist, associated with a numerical 
deficiency of the red coi*puscles. 

It is to be obseiTed, however, that this deficiency of 
haemoglobin is usually out of all proportion to that of the 
red corpuscles,* and is, therefore, but partly explicable by 
their diminished numbers, at least mider the ordinary concep- 

* When blood is lost by hsBmorrhage, the hsBmoglobin average per 
corpusole is not diminished, hence the loss of corpusoles and of hsBmo- 
globin is equal and proportionate, i.e.^ if half the corpuscles were 
lost, half the hssmoglobin would be lost also. In contrast to this, we 
find that in anoBmia arising from disease a reduction of the corpusdeB 
to one-half is frequently associated with a reduction of the hesmoglobin 
to one-fourth, involving a reduction in the average per corpuscle to one- 
half its normal amount. The cause of this singular fact has hitherto 
received no explanation. 
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tions as to the manner in which the hcemoglobin is distributed 
among them. 

It is not intended in this essay to do more than indicate 
the novel interpretations of previously ascertained facts, which 
the new conceptions of the nature of the blood elicited by this 
research appear to render possible and legitimate. The points 
which appear to have special bearing on the subject of this 
paper, are as follows : — 

1. — The corpuscles destined to become red corpuscles enter 
the blood as cohnwleHa tUnrSy and become colom'ed while circu- 
lating in it, by a gradual, regular, and continuous assumption 
•or production of htemoglobin. 

2. — The amount of fibrin in the blood may (in the absence 
•of leukhaamia) be always taken as indicating the number of 
the colourless and slightly coloured discs which are present, 
•and therefore the existing activity of the blood-glands. 

These now well- ascertained facts form a secure basis for 
farther considerations affecting the main issues we have to 
•consider, viz., the simultaneous, but dispropoiiiionate decrease 
of haemoglobin and red discs. 

It is obvious that the numerical maintenance of the red 
'COf'puscles in their noimal state demands — 

1. — That the renewal and destniction of these corpuscles 
«hall, taking the average, occur at one and the same rate. 

2. — That the normal rate at which hsBmoglobin is formed 
in th6 coi'puscles shall be maintained. 

3. — That, taking the average, each coi-puscle shall possess 
the same teim of existence. In a word, the maintenance of 
the noimal corpusculai* balance in the blood involves equal 
rates of supply and destruction, equal rates of colouration, and 
•equal peiiods of existence. 

Beaiiiig these facts in mind, we will turn our attention to 
<5hlorosis and ansBmia, and ask oui'selves in the first place how 
the decrease in the red coi-puscles is to be explained. 

In this connection several conceptions are possible : — 

1. We may suppose tlie functional activity of the blood- 
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transformed into its colourless discs, and gradually by the- 
attainment of colour into red discs. In the higher mammals, 
therefore, the tendency is to complete uniformity of method to 
the extent that the embryonic conditions of the bone-marrow 
are departed from. 

Eindfleisch admits that it is in the guinea-pig bone-mar- 
row that he has had most success m finding coloured nucleated 
cells, aud also that their spleen products will not help out thia 
view of blood development. The guinea-pig has not a gi'eater 
number of red discs than other mammals, and if in all 
mammals they are produced from red nucleated cells, then 
these latter cells should be formed in as gi'eat numbers in their 
bone-marrow, whereas in most cases they are almost entirely 
absent. The fact is, the embryonic mode of blood development 
in the bone-marrow from red nucleated cells does not persist in 
the higher mammals, save as an aborted and suppressed 
function. 

Conclusions. 

The preceding observations waiTant, I think, the following 
general conclusions : — 

1st. — That at an early period in the life of the mammal 
embryo, red nucleated cells are developed from the colourless- 
corpuscles of the bone-marrow. 

2nd. — At a more advanced period of embryo life the red 
nucleated cells appear to undergo in the bone-marrow conversion 
into red discs, and simultaneously a new method of develop- 
ment of red discs springs up, which consists in the assumption 
of haamoglobin by naked nuclei which have been set free by the- 
disintegration of some of the colourless cells of the marrow. 

3rd. — After birth, in the majority of mammals, the forma- 
tion of red discs by the modification of red nucleated cells, 
ceases, or becomes an aborted process, and the formation of red 
discs from naked nuclei is so far modified that the free nuclei 
leave the bone-marrow and enter the blood in a colourless state 
to acquire colour in the circulation. 
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4th. — In some few mammals the embryonic mode of foim- 
ing red discs by the mod^cation of red nucleated cells continues 
to a limited extent, throughout life, alongside the numerically 
ba more important one of transmitting naked nuclei to the 
blood to become its colourless discs. 

5th. — ^As in the splenic and lymphatic forms, bone-marrow 
leukhsBmia arises from an excessive formation of colourless 
nucleated cells, which are forced over into the blood before they 
have undergone those regressive changes which fit them to 
become the colourless discs of the blood. 
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of corpuscles remaining normal. The former is by far tbe most 
frequent condition, and will, therefore, leceive consideration 
first. 

If we take the various examples of annemic blood, the state 
of which has been as far as possible accm*ately made out by 
chemical analysis, and by corpuscular enumeration and analysis 
combined, we shall find that we have to deal with a condition 
in which the tendency is to a steady decrease in number of the 
red corpuscles, associated with a decrease in the haemoglobin, 
altogether out of proportion to the number of corpuscles 
wanting. 

Suppose, for example, the number of corpuscles per cubic 
mm. to be in the normal state of things 5,000,000, and the 
average amount of hsBmoglobin per corpuscle to be 30 /x/x gr.,* 
it is no uncommon casd to find the corpuscles reduced in ansemia to 
such numbers as 2,800,000, and the haemoglobin to 17'14 /x^t gr. 
per corpuscle for this number. In order to exhibit the matter 
plainly, we will take round numbers, and consider the corpuscles 
per cubic mm. to be reduced one-half, viz., to 2,500,000, 
and the haemoglobin average per corpuscle to 16 AtM gr. We 
now see that while the corpuscles per cubic mm. have been 
reduced to one-half, the haemoglobin amount per cubic mm. is 



* These numbers are based upon the determmation of Malassez 
and Gowers. 

The number of corpuscles is obtained by counting, and the 
average amount of haemoglobin by analysis. — Vide Malassez's Papers. 

"La richesse du sang ne s'^value pas seulement en comptant le 

nombre des globules il f audrait pouvoir appr^cier la quantity 

d'h^moglobine comprise dans chaque globule." — Academic des Sciences, 
■stance du 2 D^cembre, 1872. 

Yoyez aussi: De la Numeration des Globules, 1873, p. 6, et le 
M^moire Suivant, p. 31. 

*' Sur les Diverses M^thodes de Dosage de THemoglobine, et sur un 
Nouveau Colorim^tre. * Archives de Physiologic,' 1877, p. 1—40." 

Gowers's Papers. 

Lancet — *♦ On the numeration of blood corpuscles," December 1877, 

p. 797. 

Practitioner," July, 1878. 

British Medical Journal," May, 1881. 






Db. Nobris on Mamnudian HluoiL 161 

reduced to one-foiu-th. In other words, a reduction of one- 
half in the nnmber of coi*pu&cles has involved a reduction of 
three-fourths in the hasmoglobiu. It is quite clear that no 
explanation can be afforded of a fact like this, so long as we 
r^ai*d the hcemoglobifi to be disposed in equal amounts among 
the coi*puscles. 

These reductions appfear to follow a definite law. The 
corpuscles are reduced |th, and the haemoglobin }th. The ratio 
of reduction is, therefore, as 2 to 8. 

To understand how such effects as these are brought about 
it is necessaiy to study the actual mode of distribution of the 
haemoglobin in the corpuscles. 

In my first proposition I have stated that the bodies destined 
to become red corpuscles enter the blood as cohudeHs discSf and 
become coloured whilst circulating in this fluid by a gradual, 
regular, and continuous production of haemoglobin. From this 
we may infer the truth that a corpuscle becomes coloured, m 
such a manner as to acquire in equal times, equal increments 
of haemoglobin. 

If, then, we bear in mind that the corpuscles become coloured 
in the. blood, not being (as some have supposed) brought to it 
ready coloured, and that they do not become coloured suddenly y 
but only in a yradiml manner, it will be obvious that the 
amount of haemoglobin' which they possess will depend upon 
the length of time they have been resident in the blood. 
It is apparent also from tliese considerations, that, although the 
haemoglobin distributed among the 5,000,000 coi^puscles 
belonging to a cubic mm. may give an average of 30 yuM gi*. to 
each, that this by no means indicates its true disposition, for it 
will exist in some of these corpuscles in every degree below 80, 
and in others gi-eatly above it — enough above it in fact to 
enable an average of 80 to be stnick. 

Suppose, for example, we take (in imagination) increments 
of haemoglobin, which are equal in amount to each other, and 
add them to colourless discs, in such a manner that the first 
disc shall have one increment only, the second two, the third 
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three, and so ou till we anive at a number of increments, 
which, divided by the number of corpuscles required to be 
taken, will yield an average of 30 increments to each corpuscle. 
We shall find the number of increments necessary to do this 
will be 1,770, and the number of corpuscles in which they are 
disposed will be 59. 

1,770 increments are, therefore, distributed among eveiy 
59 corpuscles, which we will call a, y roup. If, then, we divide 
the total amount of haemoglobin, viz., 150,000,000 increments 
by 1,770, or tlie total number of coi-puscles (5,000,000) by 69, 
we get 84,746f f {ride foot-note as to cause of fractions, Table 
A, next to page 1G4), which represent the number of (jroups of 
59 corpuscles and nets of 1 ,770 hffimoglobin increments, which 
repeat themselves in 5,000,000 coi-puscles, and in their haemo- 
globin nicrements this latter number (84,745|^), in contra- 
distinction to (jronpy we will call a set. 

If now we divide up the time occupied by a single 
corpuscle in. attaining its maximum degree of colour, or 
amount of hiemoglobm into 69 equal portions, we may say — 

1. — A single coi-puscle has 59 stages of colouration, and 
at the final stage it has in it 59 times as much hsemoglobin as 
it possessed at the termination of its first stage. 

2.— A Group consists of 59 corpuscles, and its individual 
corpuscles represent at the same time, or at once, all the stages 
which occm* in a single corpuscle. The group-figm*e in any 
case will always bear a definite relation to the average number 
of haemoglobin increments per corpuscle. It is, as before said^ 
the number of corpuscles, which, acting as a divisor to the sum of 
the increments, will yield the required average number of incre- 
ments per coi-puscle. In the example before us this average is 
obtained by dividing the amount of haemoglobin per cubic mm. 
by the number of corpuscles per cubic mm., and, therefore, the 
average number of increments per corpuscle in this case gives 
the haemoglobin value per increment ; but this is not so in 
eyeiy instance. {Vide page 175). 

8. — "When a cubic mm. contains 5,000,000 corpuscles, and 
an average of haemoglobin increments of 30 per corpuscle. 
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it possesses 59 vtx of corpuscles, each consisting of 
84,745f I corpuscles. Each set represents a distinct stage of 
colouration ; and all the corpuscles in the same $et are in the 
same stage ; c.//., the first net has in it 84,745ff units or incre> 
ments of hsmoglohin, and the highest, or final set, 59 times 
this number of units, that is 5,000,000. 

It must be borne in mind that the advanced lymph cor- 
puscles or colourless discs leave the blood-glands and enter the 
blood in batchex at regular intervals or periods, and as a conse- 
quence, the corpuscles of one batch have attained a certain 
amount of hsBmoglobin before they are joined by those of 
succeeding batches. Now, if we take four hours as the 
interval between the acts of excitement and turgescence of the 
blood-glands which accompany the digestive process, we may 
consider the amount of haemoglobin which each corpuscle 
attains during one of these intei*vals to represent an increment, 
and in this case, after 60 consecutive meals had been taken, 
the batch first thrown in would have arrived at its maximum 
stage of colouration, viz., 59 degrees, and the last batch but 
one would now represent coi-puscles containing only one 
increment each of haemoglobin, while the last or 60th batch 
would consist of colomless discs simply. 

All the stages of the development of the red coi'puscles 
would be represented in these batches, and the age of the fully 
coloured coi'puscles would be nearly three weeks — for such a 
view clearly makes tlie rate of the colouration of the corpuscles 
to go on at an average of one increment (1 /uljul gr.) in eight 
hours. If this is so, for a set of colourless discs to obtain 
59 increments each, 472 hours, or 19 days 16 hours, will be 
required. This is, therefore, probably about the time the disc 
takes to arrive at its maximum colour, if the number of 
corpuscles in the cubic mm. is 5,000,000, and the average 
number of haemoglobin increments 30.* 

* Everything seems to indicate that the oorpnscles continue to 
form hsemoglohin throughout the whole period of their existence, and 
that they are destroyed when this power is exhausted. 
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Having now obtained a better idea of the normal mode of 
distribution of the haemoglobin, we are in a position to consider 
with profit the nature of the changes which result in ansemia. 

These will be best understood by reference to Table A,. 
which has been calculated on the basis of the foregoing principles^ 
The effect produced upon the average per corpuscle of the hsBmo- 
globin by reduction of the number of corpuscles can be seen at 
a glance, and it will be obseiTed that it follows the law of 
relation of 2 to 8 previously enunciated. The table in fact shows, 
the manner in which the haBmoglobin is arranged in groups of 69 
corpuscles, repeated 84,745^ times, when there ai'e 5,000,000 
corpuscles in a cubic mm., and an amount of haemoglobin per- 
cubic mm., which gives an average of 30 yita gi\ to each corpuscle,, 
nud also illustrates how the decrease of the number of the- 
corpuscles is attended by a diftproportionnte decrease, in the- 
average amount of haemoglobin per corpuscle. 

Consider each number in the Jirst column to be included in 

a similar ring to that at its head (o) which is intended to- 

represent a corpuscle, then the numbers will indicate the number 
of increments per corpuscle, arranged according to the gi*aduated 
method. The corpuscles behig 59 in number will contain 
among them 1,770 increments. 

The second column shows the number of increments of" 
haemoglobin for a group of 59, and also for any smaller group 
than this. Such groups include the group-figure taken, added 
to those above it ; e.g.^ suppose we take the gi'oup-figure 9, then 
9*+8+7+6+5+4+8+2+l = 45 haemoglobin increments, the 
amount for group 9, seen opposite to it, and so on with the rest. 

The third column gives the averof/e number of haemoglobin 
increments per corpuscle for each group, and is obtained by 
dividing the figures in the second column by the group-figure 
opposite to it in the first ; ^.//., \**=4, the average number of 
increments per corpuscle for a group of seven. 

The fourth column gives the number of corpuscles per mm. 
cube for each group-figure ; e,g,y say we take gi'oup-figure 11, die- 
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number of corpuscles will be 982,2082f (11 x84,746|4), which 
is also the number of hsBmoglobin increments for this set. 

The fiffch column shows the number of corpuscles in each 
set, all of the corpuscles of which contain the same number of 
increments of haemoglobin per corpuscle as the number in the 
disc opposite to it in the first column, and this number, there- 
fore, represents also the stage or degree of colouration of each set. 

The sixth column shows the total number of increments of 
haemoglobin per cubic mm. for the group it is opposite ; e,g,, 
group 5, contains 15 increments of haemoglobin, which, multi- 
plied by 84,745^, equals l,271,186ff . 

In applying 'this table to illustrate anaemic conditions we 
must first asceiiiain the number of corpuscles per cubic mm. in 
the specimen of blood ; «.</., suppose such specimen to give 
2,881,855 per cubic mm., we shall find the group-figure corres- 
ponding to this number to be 34, the number of the haemo- 
globin increments in the group to be 695, the average number 
of haemoglobin increments per corpuscle 17*5, and the number 
of haemoglobin increments per cubic mm. to be 50,428, 728|f. 

The absolute value of the increment, i,e,, the haemoglobin 
unit, may be seen at the top of the table. In this case 1 /njm gr. 

This, of course, proceeds upon the assumption that in 

anaemic blood the production of haemoglobin by the corpuscles 

goes on at the normal rate ; but if this is not the case, then 

other abnormal conditions, besides the decrease in the number 

of the sorpuscles, are present, and the result will be modified 

accordingly. The table is, therefore, simply intended to show 

that tchen the mode of distribution of the hccmoylohin is properhj 

understood a decrease in the number of the corpitscles will necessarily 

involve a disproportionate decrease in the hamotjlobin in the ratio of 

2 to 3. 

As before said, the one condition invariably present in 

anaemia is the reduction of the average haemoglobin per 

corpuscle, and as the haemoglobin is a product of the corpuscles 

its avei^age can only be reduced by the operation of one or other 

of two things, or of both these acting in concert. 

1st. — ^Either the premature deatli of the corpuscles 
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or tlip increased destruction of the older ones, which 
amounts practically to the same thing, and the influence 
of either of which it is the chief purpose of the table to 
show ; or, 2ud, their inability to produce liaBmoglobin at the 
normal rate, which may aiise either from defect in the 
-corpuscles themselves, as before stated, or from a deficiency of 
the material which they take up and convert into this substance. 

Although a deficiency of the average per corpuscle of 
luemoglobin pertahis to all anaemias (except the haemorrhagic), 
they are, nevertheless, capable of division into several forms. 

1. — -We have the typical form, in which the definite law 
of relation of 2 to 3 obtains between the decrease of the 
corpuscles and the haemoglobin. This form, 'as we have seen, 
we are able to understand and tabulate. 

2. — A foim in which the decrease in the haemoglobin per 
corpuscle, in relation to the number of coi*puscles, is much 
greater than in the former or typical kind. Take for illustra- 
tion 8,600,000 to 10*55 ujul gr. of haemoglobin per corpuscle, 
instead of about 22 juljul gr. as in the typical kind. 

8. — A variety in which, although the average per corpuscle 
is but a little over half that in health, it is nevertheless higher 
{in relation to corpuscles) than in the typical kind; e.g., 1,880,000 
coi-puscles to 18-08 per corpuscle average, instead of about 11*5. 

4. — A kind in which the average amount of haemoglobin 
per coipuscle diminishes, while the number of coi-puscles 
remains normal, or nearly so. 

All these varieties except the fourth conform with each other 
in one particular, viz., their average haemoglobin per corpuscle is 
much reduced. The three first agree also in the fact that a diminu- 
tion of the corpuscles occurs simultaneously with the reduction 
of the haemoglobin ; they differ in that this reduction is greater 
in the one case and less in the other than m the typical variety 
which follows the definite law. The fourth kind is, however, 
•entirely anomalous, for the corpuscles are present in sufficient 
numbers ; but they do not produce quite their normal amount 
of haemoglobin. It is this capacity of the haemoglobin to 
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diminish or increase a little without the number of the corpuscles 
being affected which causes the ordinary anaemias to deviate 
from the tif2)ical form in which the haemoglobin deficiency 
is entu'ely accounted for by the corpuscular loss. 

The view which best commends itself to one's judgment 
as to the general cause of anaemia is that set forth in my 
second hypothesis, viz., that it has its origin in defects of 
nutrition, arising out of disturbances of the primary digestion. 
It is easy to conceive that the lymphatic products may receive 
profound modifications from a cause so capable of altering the 
nutrient qualities of the liquid of the blood. Such modifica- 
tions might show themselves in the corpuscles in a variety of 
ways, all indicating diminished vitality, <*.//., [a) the life-period 
of the corpuscles may be diminished without interference with 
the number produced ; (/>) their function of producing haemoglobin 
may b*3 depressed ; (r) the modifications may be so profound as 
to produce not only a shoi*tened life but also a diminished 
proliferation. They may not be, in fact are not, invariably so 
influenced as to undergo all these modifications at the same 
time ; but it is possible these may sometimes coexist in vaiying 
degrees. 

The table shows us what would be the effect of early 
death, or undue destniction of the older and more coloured 
corpuscles in instances in which the nonnal numerical 
supply was kept up and the normal rate of colouration 
maintained. The group-figm'e may be taken in any case, 
as representing the length of the life of the corpuscles, and 
from this we get at once at the number of coipuscles there 
should be under these circumstances, per cubic mm., and the 
average number of increments, and the amount of haemoglobin 
per coi*puscle ; for example, let us suppose that the vitality 
of the corpuscle is expended by the time it reaches the 
life-period, represented by 44, then this number will show 
the mode of grouping of such blood, and opposite this figure in 
the table we shall find that the number of coi-puscles it will 
yield per cubic mm. will be 8,728,818, and that the average 
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hflBmoglobin per corpuscle will be 22* 5. This is an example 
of the typical variety of which forms 2 and 3 are modifications. 

In the second form the interference with the vitality of 
the corpuscles has shortened its life to 43, as seen by ita 
corpuscular number (3,600,000), and has also depressed its. 
haemoglobin-forming power, so that instead of yielding an 
average of 22, which it should do for this life period, it yields, 
about half that amount, or 10* 55. The ratio of reduction 
between the corpuscles and haemoglobin is as 2 to 6, instead as. 
in the previous case 2 to 3. The rate of colouration fell, there- 
fore, in this case to nearly half the normal. 

The same principles operate, therefore, here as in the 
typical cases, reducing the corpuscles and the haemoglobin 
average ; but this average is further reduced, as befora 
explained, by the interference with the haemoglobin- 
producing power of the corpuscles. In the third variety^ 
which is said to be one of pernicious or essential anaemia^ 
the same principles appear to be in operation as in the typical 
cases, for the corpuscles ai'e greatly reduced iu number 
(1,830,000,) so reduced that then* group-figure, and, therefore, 
there life-period, is as low as 22. The haemoglobin average for 
this number is 11*5, whereas in this case the average per 
corpuscle is 18*03, close to the average belonging to the 
higher coipuscular number of 2,966,101. The haemoglobin 
average, per coipuscle, is, therefore, 6*53 in excess of what it 
should be for the life period represented by 1,830,000 coi-puscles, 
or by the group-figure 22, and this would go to show that these 
corpuscles have been acquiring colour, at a rate more than halT 
in excess of their nomial rate, unless we consider that in such 
cases the lowering of the vitality has reached such a point as. 
not only to bring about a shoi'tened hfe, but also a diminished 
corpuscular supply. 

Such a condition would, of course, aggravate the coi*puscular- 
deficiency, and permit us to consider that the corpuscles had 
been in the blood for a longer period, in fact, long enough ta 
obtain an average of 18*03 per corpuscle, i,e, to say, they hacL 
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succeeded in realisiug a life-period of 35, a figure still below 
the average life-period of ordinary anaemias. This view, of 
course, assumes that though diminished in number, the 
corpuscles have still a gi^eater life capacity than is indicated by 
their number, per cubic mm., that shown by the liaBmoglobin 
average 18*03, and the numerical deficiency of the corpuscles is 
referred to depressed activity of the gland functions. 

This latter is probably the true explanation, and the patho- 
logical fact which distinguishes pernicious or essential anaemia from 
other forms. Looking at it from this point of view, we see that for 
an avei-age of 18*03 per coi-puscle, there should be 2,906,101 
corpuscles per cubic mm. ; but as there are only 1,830,000, the 
difference between these two figures 1,136,101 will indicate the 
extent to which the supply is deficient, which is in round 
nimibers about one-third. 

May not this explain why this form of anaemia has acquired 
the qualification pernicious or essential, seeing that we have 
to deal not merely with that deficiency of haemoglobin which 
arises from early death of corpuscles, but also with that due 
to a deficiency in the initial corpuscular suppl}'. These 
conditions, acting in combination, would rob the blood rapidly 
of its accumulated capital in the shape of morphological 
elements and haemoglobin, and so destroy by a quick and 
double stroke its respiratoiy relation to the organism.'*' 

We come now to consider the fom'th variety, in which the 
corpuscles are normal, or nearly so, in number, but the average 
amount of haemoglobin per corpuscle is reduced. In such cases 
the haemoglobin could not be materially reduced, without 
leaving a larger proportion of discs than usual in the invisible 
state, and, therefore, in a condition incapable of being counted.! 



* Vide further remarks on this variety, page 171. 

t In accordance with the views of the blood which I entertain — if 
5,000,000 corpuscles existed in a cubic mm., and possessed the colour of 
the liquor sanguinis only, they could not be seen, and therefore could 
not be counted. Now, suppose such corpuscles to get about half their 
normal quantity of hsBmoglobin, and this to be distributed in the way 
we have shown it must be, would it not follow that the countable 



170 Dr. Norris on Manimfdian Htnod, 

This fact alone would render the countings in such cases 
unreliable, and when we add to it the further consideration that 
numbers of the more slightly coloured corpuscles would by the 
action of the diluting fluid used, and essential to the process, be 
reduced to invisibility, we are able to see how thoroughly defec- 
tive this method of counting in this condition would be. In 
such states, too, the amount of fibrin in the blood would be 
excessive in the ratio of the lowering of the haBmoglobin. 
These things considered, it is not probable that the haBmoglobin 
falls to any considerable degree, while the number of coi^puscles 
remains normal, or nearly so.-"' 

Malassez,. in some experiments upon fowls kept under 
unhealthy conditions, found that the primaiy effects produced con- 
sisted in a slight diminution of the average amount of haBmoglobin 
per corpuscle without reducing the number of the coi-puscles. 
As the coipuscle is the liaemoglobin producing organ, this would 
seem to imply that its vitality becomes reduced, and as a conse- 
quence it suffers in some instances, 1st, in its haemoglobin 
producing function; 2nd, in the length of its life; 8rd, in its 
numerical productiveness. It is conceivable, too, that coi-pus- 
cles may be affected in these respects in vaiying degrees, and 
this would tend to bring about some of the iiTegulaiities which 
are observed.! 



corpuscleB would fall very much below 5,000,000? Indeed as the 
5,000,000 were rendered visible by the wJiole amount of hsemoglobin, we 
are justified in supposing that half this quantity would fail to make 
visible about 200,000. In these cases, therefore, in which the normal or 
nearly the normal number of corpuscles are countable, the haBmoglobin 
deficiency must be comparatively little. 

* The maintenance of the numerical standard of the coipusoleB 
of course excludes any lowering of the Hsemoglobin by early death, or 
anything equivalent to it {e.g.^ increased ratio of destruction). It can 
only be attributed to a slower and more imperfect formation of thiB 
substance. 

f Another observation of Malassez serves to indicate how inde- 
pendent these three powers of the corpuscles may be of each other. In 
a case of chlorosis, which improved under treatment, while the actual 
number of corpuscles per cubic mm. diminished, the amount of hsamo- 
globin per corpuFcle became almost double that which it had previooBly 
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These tlu*ee conceptions appear to be competent to explain 
all the variations which are seen in anaemia from the simplest 
form, in which the only change is a slight decrease in the 
amount of hflemoglobin to the ordinary typical form, in which 
the first and second conditions co-operate to the reduction of 
both the corpuscles and the haemoglobin average, to that most 
grave pathological state pernicious anaemia, in which the three 
conditions may conspire to one common end, viz., to the rapid 
and entire suppression of the whole of the corpuscular 
elements of the blood. 

It is unfortunate that coi-puscle-enumeration cannot be 
carried out without artificial dilution of the blood, or that this 
cannot be accompUshed by means of liquor sanguinis, or fiesh 
serum, derived by some ready method from the name blood, 
for nothing else can be relied upon to absolutely preserve the 
red corpuscles fi*om change, and even this does it imperfectly 
after the blood is shed, as I have shown in those experiments 
in which I have endeavom^ed to prevent such changes by 
strengthening the colloid elements of this fluid.* 

When the usual fluids for diluting the blood are used, I 
have found that a very considerable number of corpuscles 
become faint, and ultimately indistinguishable, and such, of 
course, escape being counted. The operation of this would of 
course, be to give a somewhat smaller number of corpuscles per 
cubic mm. than there should be {mle page 177), and this would 
result in too large an average of haemoglobin per coi-puscle. 

Fortunately, when we understand the true manner of the 
development of the blood, and the meaning of its various 
constituents, we are able to compare, to some extent, the results 
of enumeration with those obtained by ordinary analysis. 



been. The treatment of ansBmia should obvioasly have reference to 
several objects : the increase of the vitality, of the length of life, the 
namerical maintenance of the corpuscles, and of their hsemoglobin pro- 
ducing powers. Such a fact as that pointed out by Malassez serves to 
show that this must probably be sought in the use of more than one 
remedy. 

* Vide Section II. 
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There is, in fact, scarcely a condition which concerns lis in 
these considerations which cannot be dealt with from the side 
•of analysis ; and as the results in this case are obtained from 
large quantities of blood, and are not dependent upon quan- 
tities or numbers obtained by calculations, in which initial 
•eiTors are necessarily multiplied, they are probably much more 
accm-ate. 

In such an analysis the paints of each constituent, in relation 
to 1,000 parts of blood, are generally given ; and, as the 
solid elements are all estimated in the drjf state, it follows 
that their relations to each other, and to the water which 
they have yielded, will be got at with great accuracy. The 
aolid parts of the blood, which concern us in this connection, 
Are the Jibrin and the red corpuscles. I have elsewhere pointed 
•out that the former may, for all practical pm'poses, be 
regarded as representhig and as synonymous with the colour- 
less discs of the blood. We have, therefore, simply to compare 
the relative amounts of the fibrin and the red corpuscles to 
■airive at the numerical relation which exists between the 
colourless and the red disc. 

By the method we have used to aiTive at the true disposi- 
tion of the haemoglobin, in cases where 5,000,000 corpuscles 
per cubic mm. have been counted, and an average of 30 hsBmo- 
globin increments per corpuscle has been obtained by analysis, 
we have found that the relation of the colourless to the red disc is 
-as one to 59, hence, supposing 5,000,000 red coi-puscles to exist 
in a cubic mm., if we would know the actual number of all 
the discs uncolom*ed and colom*ed there are present in such an 
amount of blood we must add to this number 84,745f§, as 
representing the colourless discs, making a total of 5,084,745|^. 

To ascertain, then, the relative number of colourless and 
red discs in a case of analysis, we have merely to divide the 
number of parts of the red corpuscles, by the number of parts 
of fibrin, and we then get at the gi-oup-figure for the red 
corpuscles. Thus, for example, taking Becqueril and Kodier's 
tables, we get for the healthy adult man — ^fibrin, 2*2, corpuscles, 
140'0, which gives us 1 colourless disc to G8 red ones. 
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For the healthy female, in the same table, we get — tibrin, 
2-2, corpuscles 127-2 or 1 to 67y\. 

If, actmg on this principle, we take the mean of a number 

of analyses of healthy, adult male blood, we shall then airive 

as closely as it is possible at the exact truth : — 

Fibrin. Corpuscles. 

Becqueril and Bodier 2*2 to 140. 

Lehmann 2-025 „ 149-485. 

Ku-k 2 „ 180. 

Bennett 3 „ 150. 



9-225. 569-485. 

This gives us 61 fjf ^, which, to avoid fractious, we may 
regard as 62, and say that the relation of the coloui-less discs 
to the red corpuscles in the adult healthy male is 1 to 62. 

In this way, we get also the group-number, and by dividing 
by it, the number of increments, which such a number repre- 
sents, viz., 1,958, we get the average increments of haemo- 
globin per corpuscle, as 31-5. If we retain the same value for 
the increment of the haemoglobin (1 [jl[jl gr.) and raise the 
group-figm-e, we necessarily increase the average per corpuscle^ 
and therefore its haemoglobin richness ; we also propoi-tionately 
raise the increment group-number — e,g,, suppose on the basis 
furnished by analysis we raise the corpuscular group-figure to 
62, we are compelled to raise also the increment group-number to 
1,953, because the first corpuscle in our graduated series must con- 
tain one unit of haemoglobin, and our last 62. This necessarily raises 
the average number of increments per corpuscle to 81-5, because 
this average is determined by dividing 1,953 by 62. This 
rearrangement does not necessarily affect the number of 
corpuscles per cubic millimetre, which may remain, as before, at 
5,000,000, but it does influence the set-figure, because 5,000,000 
divided by 62 equals 80,645^. We also raise the total number 
of increments of haemoglobin per cubic millimetre from 
150,000,000 to 157,000,000, and this number, divided by 1,953, 
also yields the set-figure 80,6453?^^. This shows that if we 
raise the group-figure, but retain the same number of corpuscles 
per cubic millimetre, and the same value for tl)e liaRmoglobiii 
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increment, we must increase the amount of haemoglobin per 
cubic milHmetre. The amount of this increase in this case is 
represented by 157,500,000 as against 150,000,000 increments. 

If, on the other hand, we desire to raise the group-figure, 
and to retain the same value for the increment and the same 
amount of hsBmoglobin per cubic millimetre, we must reduce 
the number of coi-puscles from 5,000,000 to 4,761,904f^ per 
cubic millimetre. 

Again, if we desire to raise the group-figure, but to retain 
at the same time the number of corpuscles at 5,000,000 and 
to retain the same amount of haemoglobin per cubic millimetre, 
and therefore the same average artioimt per corpuscle, we can only 
do this by creating a difference between the value of the individual 
increments arrived at by dividing 1,953 by 62, and 150,000,000 
by 5,000,000, the former giving us 81-5 and the latter 80 as the 
number of increments per corpuscle. The valv£ of the 
increment in the first case would, therefore, become less than 
1 /uLjUL gr., as much less as the difference between 80 and 81 '5. 

The raising of the group-figure, therefore, compels us 
either to increase the number of haemoglobin increments per 
cubic millimetre or to lessen their value. 

If now, we view adult female blood in the same light, we 
find that no reasons exist why we should regard the group- 
figm^e, or the average haemoglobin increments per corpuscle, 
as different to the male, — nor can we allow that in a condition 
of equilibrium of female blood there would be more than one 
colourless disc to the group-figure. Unfortunately we do not 
2)ossess a sufficient number of analyses of female blood to enable 
us to settle this question by taking the mean of a number, as 
we have done with the male, but from the few examples we 
have, we are able to see that the group-figm-e 62 could easily be 
obtained by regarding tlie relation of fibrin and corpuscles, as 
2'05 to 127, figm^es quite accessible and legitimate. 

Thus, the difference between male and female blood 
is made to consist in a variation of the number of corpuscles 
per cubic mm., and this is determined by the number of times 
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the groups repeat themselves iu 4,500,000 corpuscles, assuming 
this to he the cori'ect counting for female hlood. 

It wiU he noted that the number of increments per 
corpuscle is hased upon the fjradiutted wanner in which the 
haemoglobin is distributed among the coi'puscles, and is not 
got at by dividing the actual amoimt of liaBmoglobin by the 
number of corpuscles per cubic mm., as in the enumeration 
methods. Between the group-number decided upon and the 
average number of increments per coqmscle there is an 
invariable and definite relation. 

The absolute rahie of the increment can only be known in 
these latter cases by ascertaining tlie total number of increments 
in a cubic mm. of blood by multiplying the increment group- 
number by the set-figure and dividuig the total amount of 
haemoglobin in a cubic mm. by it. 

After we know the value per increment in hflemoglobui 
weight, we can assign the hflemoglobin value for each 
individual corpuscle in the group series by multiplying that 
unit by the gi'oup-number. 

In Table B will be found all that pei*tains to a group-figure 
of 62, and an increment average of 81-5, and a corpuscular 
uumber of 4,500,000 per cubic mm. The actual increment 
value in haemoglobin weight is given at the head of the 
table. 

It will be well to remember that neither the group-fio;uro, 
nor the increment average, wlien based upon the gross analysis 
of blood, is interfered with as in the enumeration methods by 
anything which destroys corpuscles or renders them incapable 
of being enumerated, sucL as dilution. Such stetsons reduce the 
sftH that should be seen, and render the rosiSts to that extent 
£Eillacious. 

Of course the diluting fluids act upon all the corpuscles alike, 
but those which have the least colour are the first to disappear, 
both by the loss of the haemoglobin they contain and also by 
the colouring and levelling up of the tint of the liquid which 
surrounds them.''' 



Vide Section II. 
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It will be obseiTed that the method of analysis gives us a slightly 
higher gi-oup-figureand increment-average than we obtain by the 
method of counting. This elevation of these numbers does 
not affect the number of corpuscles per cubic mm., nor the 
actual amount of haemoglobin per coi-puscle. Both these 
depend upon the number of group-sets, or repetitions of the 
gi'oups upon which the actual number of corpuscles per cubic 
nam. in its tmn depends. The elevation of the group-number, 
however, does increase a little the estimation of the life-term of 
the corpuscle, making it three weeks, instead of as by counting 
19 days and 20 hours. 

It is most desirable that the enumeration metliods should 
be perfected, as I have before suggested, by the use of fresh 
serum, to which colloids have been added, for there is no other 
way besides counting of getting at the number of corpuscles 
per cubic mm. 

It is proposed now to illustrate the principles laid down in 
this paper by an analysis of cases of anaemia, the facts of which 
have been gathered by independent and competent observers. 
Malassez, in his paper ** Sur la Eichesse en H6moglobine des 
globules rouges du Sang,*' furnishes us with twelve cases of 
anaemia of various kinds, in which the number of corpuscles 
and the amount of haemoglobin were carefully estimated. To 
Malassez 's table recording these observations I have appended 
the deductions which flow from the considerations set forth in 
Table A. The figures up to the double line belong to Malassez, 
beyond it they are my own, and to the cases requiring comment 

1 have added notes to which the figures in brackets in the last 
column refer. 

(1) Case II. — The treatment in this case has resulted in 
elevating the life term of the corpuscles from 84 to 89, and has 
thus raised the number of corpuscles to 3,800,000, while the 
haemoglobin production still lags a little more behind than it 
did at first. The ratio is, therefore, not quite that of the law of 

2 to 8, but nearly so. 

['2) Case III. — In this case the treatiiient has been 
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slightly more favonrable to the development of haBmoglobin 
than to mcrease in corpuscles, consequently the average hsemo- 
globin amount per corpuscle is 2*98 in excess of the normal for 
the group-figm-e 82. 

(3) Case IX. — One is not in a position to properly 
interpret this case, without knowing in the first place whether 
it had been imder treatment before the estimations were 
made. It is scarcely likely that a case of such gravity, in 
which the respiratory power of the blood would be so pro- 
foundly impaired, would remain without treatment. It is quite 
possible to view it as a case in which the life-period of the cor- 
puscles has been reduced to 22, but in which the haBmoglobin 
producing power of the corpuscles has been stimulated by 
treatment to be equivalent to a Hfe-period of 35. [Vide 
page 168.) 

In the event of no treatment having beeu employed, we 
may regard the case as one in which the corpuscular supply is 
deficient, but in which the coi^puscles live long enough to 
obtain an amoimt of hsBmoglobui, capable of giving an average 
per corpuscle of 18*03, equal to a life-time of 35. 

(4) Case X. — This is probably a case of the first variety, 
in which, owing to the treatment, the haemoglobin average per 
coi'puscle has been raised 4*56 above the normal for this 
group-figure or hfe-period. 

(6) Case XL — This belongs to the second variety, in 
which the haemoglobin is much below normal for the life- 
period indicated by the number of corpuscles. Under treat- 
ment the corpuscles fall a little, but the average haemoglobin 
per corpuscle rises to 24*44 as against 21*49, so that the normal 
relation for the group-figure is more approached. The 
increased fall in the corpuscles is probably due to the progress 
of the disease, while the rise in the haemoglobin is due to 
treatment. 

(6) Case XII. — This case is very interesting and instruc- 
tive, and the more so from the security afforded by the 
number of observations which Malassez made with it. The 
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estimations made before any treatment had been adopted at 
once show it to be a case of the first variety ; and on 
reference to Table A, its group-figui*e will be found to be 28> 
and all its figures will be seen to approximate with sufficient 
closeness to show that it belongs to the tyirical variety. 
Under treatment with iron the corpuscles and haemoglobin 
are both increased, but the latter, as most frequently happens, 
in excess, so that, after treatment from the 6th of October 
to the 12th of December, it had made an excess of 6-04 per 
corpuscle above the normal for the group-figure 26, which it 
then had. 

The u'on being left off for a month the case fell back to nearly 
the condition it had at the commencement, and corresponded 
closely with the group figure 24, in Table A. On the 19th January 
estimations were made. In the meantime the patient had been 
fed upon a milk- diet, but iron had been withheld. Under this 
treatment the corpuscles fell greatly, but the haemoglobin rose 
from 0'026 to 0*029, which gave for this small number of cor- 
puscles the large average per corpuscle of 19'07 instead of the 
normal 9-5 for this group figure (18). Each corpuscle in fact 
had generated 9*57 more haemoglobin than normal for its life- 
period. The excess is only in relation to time, for every one of 
these corpuscles, if it lived out its full period, would generate 
59 such increments of haemoglobin. The effect is, therefore, to 
be looked upon as a sort of fillip to the haemoglobin-producing- 
power of the corpuscles. 

In marked contrast was the subsequent effect of the^ 
perchloride of ii*on, which by improving the life term of the 
corpuscles to 25, raised both the number of coi-puscles and the 
amount of haemoglobin, and while slightly increasing the 
average also produced nearly the same degree of excess action 
for the production of haemoglobin, on the part of the individual 
corpuscles, as previously existed. 

This patient died early in June after repeated attacks of 
haematemesis. At the autopsy cancer of the stomach was. 
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found, which had been latent during life, and had rendered the 
diagnosis for a long time oncertam. 

If we exclude case IX. the considerations which 
arise out of the table appear to indicate the existence 
of two varieties of ansBmia. 1. One in which the rela- 
tion of the corpuscles and hsBmoglobin fall precisely as 
they should do in the view which refers ansBmia to an 
abbreviation of the normal life-term of the corpuscles. 2. 
One in which in addition to this the haemoglobin-producing 
function of the coi'puscle has become impaired. Both these 
varieties are amenable to treatment with iron, and in both its 
exhibition leads to an increase of both coi'pusclcs and haemoglobin ; 
in other words, it is a remedy which tends to lengthen the 
life of the corpuscle, and also to improve its haemoglobin-producing 
function. It will be interesting to know whether these two 
operations are simultaneous, or whether one precedes the other 
in point of time.* 

Some investigators (among whom is Dr. Gowers, who 
has made most valuable improvements in the haemacytometer) 
prefer to estimate the corpuscles and haemoglobin in percentage 
amounts instead of by the number and quantity per cubic 
miUimetre. The following is Dr. Gowers's method of procedure. 
995 cubic millimetres of diluting fluid are added to five cubic 
milUmetres of blood. The counting cell is -J of a millimetre 
deep, and the floor of it is niled into tenth of a millimetre 
squares. The number in ten squares being counted and multi- 
plied by 10,000 gives the number of corpuscles in a cubic 
millimetre of blood i.^. to say 5,000.000. Taking this number 
as the average per cubic millimetre the average number in two 
squares of the cell will be 100. The number in two squares » 
therefore, expresses the percentage proportion of the corpuscles 
to that of health, or made into a two place decimal the propor- 



* As a general rule, the effect of treatment is to bring about an 
inorease in the haemoglobin average per corpuscle, and this is followed 
by an increase in the number of the corpuscles, probably owing to the 
fact that the general nutrition undergoes improvement. 
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tion which the coi^puscular richness of the blood examined 
bears to healthy blood taken as unity, or the number in 20 
squares may be taken as a three place decimal. For instance, 
if 10 squares contain 355 corpuscles equal to 3,350,000 per 
cubic millimetre of blood, the average of two squares (71) is 
the percentage, and thus the coi*puscular lichness is 0-71. So 
much for the coi^puscles. 

The amount of haemoglobin in a cubic millimetre of 
blood may be ascertained by the quantitative estimate of the 
iron it contains, or by the capacity of the haemoglobin for 
oxygen ; but these methods are too difficult for clinical 
pui-poses, and this has led to a plan being devised by 
which approximately correct results can be ai'rived at by 
estabHshing a definite relation between a standard tint of picro- 
carminate of ammonia in glycerine jelly and a known dilution 
of noimal blood or of a known amount by weight of haemo- 
globin in solution. In the former case the scale is arranged for 
percentages and in the latter case for fractions of milligi'ammes. 
Any of such methods have of course the disadvantages which 
pertain to visual estimations, and are to some extent related 
to the capacity which the obseiTer may possess of detecting 
delicate differences of tint, therefore every person using these 
instruments will require a certain amount of training before his 
results will become reliable. Fortunately each observer may 
test his own capacity by repeated estimations of the same 
blood. Those who adopt the percentage method may throw 
their estimations into the groupal form by ceiiain simple 
calculations by bearing in mind the following : — 100 per cent, 
of coi-puscles = 5,000,000 corpuscles per cubic millimetre ; 100 
per cent, of haemoglobin = 150,000,000 increments of haemo- 
globin ; ^4^8B^° = ^^» ^^1® average number of increments 
of haemoglobin per corpuscle ; an average of 30 increments, 
arranged in the graduated manner take up 59 corpuscles and 
1,770 increments of haemoglobin— «oo^ooo and ifio^OjOpoo 

give 84,745^f , the set-figure which shows the number of 
groups of 59 corpuscles there are in 5,000,000, and also the 
number of corpuscles of each degree of colouration from the 
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minimnin of one increment to the maximum of 59 increments 
there are in 5,000,000, or in a cubic millimetre of blood. To 
get then the number of corpuscles iu any percentage, 
100 ^ 5,000,000, let j* stand for percentage number, then as 
100 : 0? : : 5,000,000 ; <».//., as 100 : GO : : 5,000,000 is to 3,000,000, 
the corpuscular number for 60 per cent. 

To get the per centage of the haemoglobin in equal incre- 
ments 100 = 150,000,000. Let a- stand for percentage amount 
of haemoglobin, as 100 : .r : : 150,000,000, ejj. as 100 : 30 : : 
150,000,000 : 45,000,000. To find the average number of incre- 
ments per corpuscle we di^'ide the number of haemoglobin 
increments by the nmnber of coi-puscles. Thus ^jg g ggggQ = 
80 or ^yj^<y>of = 15. Then to find the group-figure which 
corresponds to any percentage number we get first the per 
centage number of corpuscles to the gi'oup unit by dividing 
100 by 59 = m. As this number is to 1 so is any other per- 
centage number to its gi'oup-figure. Suppose the percentage 
number to be 60, then as 1|^ : 1 : : 60 : 35*4. In Table C 
the percentage figures which correspond to the gi'oup-figm-es of 
Table A have for convenience been given in a tabulated form. 

Table C. 
Percentage Number corresponding to each Group-Figure. 
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* The decimals are carried out to two places only. 
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By means of these rules the Tables C and D have be^en 
constructed to render it easy to compare the percentage numbers 
of the corpuscles and of the haemoglobin in any case of 
anaemia, with the groupal mode of distribution of the haemo- 
globin among the corpuscles. Say, for instance, we get a case in 
which the corpuscles stand at 60 and the haemoglobin at 80 per 
cent., we refer to 60 in the percentage column of Table D for 
the number of corpuscles, and to 30 in the same colimin for the 
number of haemoglobin increments. The latter number divided 
by the former will give the average number of increments per 
corpuscle. By referring to Table A, and ascertaining the 
nearest coi*puscular number which coiTesponds to 60 per cent., 
we anive at the gi'oup-figm'e, and are then able to compare the 
corpuscular average with that obtained by the percentage method. 
This average may agree with or be above or below the typical 
or normal for the number of corpuscles. If above, the patient is 
under influences which are favourable to the formation of 
haemoglobin (say iron treatment). If below, the haemoglobin 
percentage has become impaired by the lowering of the vitality 
of the corpuscles. On the other hand, if the haemoglobin 
averages coincide, it indicates that the life- term alone of the 
corpuscles is affected, and that they have retained their normal 
haemoglobin-producing power unimpaired. 



Showing thfl Hmnber of CorpaBcIe»i and Hi^moglobiis IncremoDta which 
correHpond to each Porcetit»«B Kamber from 1 to 100 on the bftais 
of 5,000,00(1 CorpQBclcd and 0-lSO Millisrammefl of IltBinoglobiD 

per Cubic Millimetre, andftn average iif ilii/i u firms. per CorpuBole. 
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SECTION XI. 



On the Relation which the Products of the Bone-Marrow and of 
the Spleen of tlie Adult Ovipara bear to its Blood, 



One of the modes of the development of the blood in ovipara 
is from a remarkably delicate nucleated elliptical cell. Th« 
exterior of this cell is so colourless and free from granulous 
appearance as to make it most difficult to be seen, hence, when 
the blood is examined, numbers of what appear to be free nuclei 
are alone observed ; but when the blood corpuscles are brought 
closely together into a single layer, as in the ** method of 
packing," the transparent colourless margins of these cells are 
rendered obvious, and we then find that an orderly sequence as 
regards colour prevails between the ordinary red nucleated 
corpuscles and the clear bordered, colourless, nucleated 
ellipsoids, which in reality represent the earliest stage in the 
blood of the red nucleated corpuscle of the ovipara.* The 
corpuscles here referred to are depicted in Photographs 88 and 
84, Plate XIII., which is a specimen from the blood of the 
perch. The same results are obtainable fr'om the blood of 
birds and reptiles. {Vide also descriptions of Photographs 198, 
194, and 195, Plate XXIII.) 

In the adult ovipara these coi'puscles appear to be produced 
in the bone-marrow and in the spleen, and to be transmitted 
thence to the blood in the advanced state in which we find them 
as the colourless nucleated ellipsoids. It is very difficult to trace 



* These colourless nucleated ellipsoids ^ the nnclei of which are alone 
visible, are the analogue of the advanced lymph, splenic, and bone- 
marrow copnscles, and therefore of the invisible colourless discs of the 
mammal. 
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these bodies in the bone-maiTow and the spleen, owing to the 
excessive delicacy of the exterior margin and the readiness with 
which it becomes dissipated, and this difficulty is further 
increased by the tendency which the nucleus has to swell 
up under the least disturbing influence. The delicacy of 
these exteiior margins, and their tendency to disappear as 
granular films upon the surface of the slide, may be judged of 
by reference to Photograph 173, Plate XXII., which is a specimen 
obtained from the bone-marrow of the common fowl. In Photo- 
graph 174, Plate XXII., they have been more perfectly preserved 
by the use of saturated solution of osmic acid, and their outlines 
having become granulated and stained are distinctly seen. Both 
these specimens are from the bone-maiTow of the fowl, and 
have been in each case stained with fuschine. I have before 
referred to the fact that the nuclei of these clear cells often 
swell greatly, and in doing so they encroach upon the clear 
margin of the cell, and in some cases appear to cause its 
disappearance by entirely filling up its cavity, Photogi'aph 
175, Plate XXII., shows this action in progress, but it is most 
complete in Photograph 176, Plate XXII. These nucleated 
ellipsoids of the bone-maiTow are in their turn yielded by 
pigmentary cells, which may be seen in both the smooth and the 
coarsely granular state, and which differ in no essential parti- 
cular from similar cells of the mammal bone-man-ow. Some of 
these parent cells may be seen in Photograph 174, Plate XXII., 
and in Photograph 177, Plate XXII. The granular debris on the 
right hand of this specimen is formed by fusion of some of these 
cells. The general analogy of the earliest products of the 
oviparous bone-marrow to those of the mammal may be judged 
of by Photogi-aph 178, Plate XXII. 

If now we turn our attention to the oviparous spleen, we 
find it to be actively engaged in the production of the seK-same 
bodies. In ordinary preparations of the splenic pulp we see 
only a mass of nuclei (such as are depicted in Photograph 179, 
Plate XXII., which is a specimen obtained from the spleen of 
the pike) more or less mixed up with red corpuscles derived from 
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the blood ; but when care is taken to get the specimens very 
thin, and in every way to preserve them as much as possible 
from jHJift'Vwi'tem changes, we find that these nuclei belong to 
clear colourless ellipsoids such as are seen in Photographs 180 
and 181, Plate XXII., which are also the products of the spleen 
of the pike. The former specimen was stained with a weak 
solution of aniline brown, and the latter by a stronger solution. 
It is only on the edge of the specimen in the latter that the 
corpuscles ai'e seen plainly, but the mass is entirely formed of 
corpuscles of this character. In Photograph 182, Plate XXII., 
the same corpuscles are seen from the spleen of the perch. 
This specimen was stained with saline aniline blue, and, as a 
consequence, the nuclei are a little swollen. There is often a 
tendency in the clear margins to fuse together, and this allows 
the nuclei to come into contact, and then they also undergo 
fusion. These actions may be seen in progress in Photograph 
183, Plate XXII. These colom*less nucleated ellipsoids are 
developed from the comparatively opaque colourless coi-puscles 
depicted in Photograph 184, Plate XXII.* I shall have occasion 
again to refer to these bodies in treating of the minor mode 
of the development of red nucleated corpuscles which goes on 

in the blood itseK. In the above remarks I have confined 
myself exclusively to the major process of blood production in 
the ovipara as it is candied on in the spleen, bone-marrow, and 
lymphatics. 



On the Minor Mode of Development of the Bed Nucleated 

Corpuscle of the Ovipara, 

I have elsewhere endeavoured to show that, in addition to 
the great blood-making process which exists in mammals, and 
which consists in the transformation of the most developed pro- 
ducts of the various corpuscular sources into colourless blood 

* These bodies are the analogue of the primary lymphatic and splenic 
corpuscles, and of the nucleolated nucleus of the bone-marrow of the 
mammal. 
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iliscs, there exists an aiTangement by which the products which 
liave failed to undergo full development in these sources may 
still be utilised and ultimately reach the goal for which they 
were originally intended. I had long ago ascertained that this 
was true of the ovipara, at least in the case of the frog. 

A corpuscle of the pnmary order * passes over from the 
spleen or bone -marrow and developes in the blood into a multi- 
nuclear white corpuscle. In the ovipara these nuclei contain 
nucleoh, but the latter so fill them up as to be unrecognisable 
as distinct structures. These bodies grow, and the capsule or 
membrane of the nucleus becomes distended so as to reveal the 
nucleolus within, and to form a cellulai* mai'gin. The nucleolus 
has by this time become oval, and this causes the body to take 
on the eUiptical shape. These bodies gi^adually obtain colour and 
become the red nucleated corpuscles. In their slightly coloured 
stage they are the so-called hsematoblasts of Hayem. This minor 
mode of blood development is illustrated in Plate XXIII. Although 
these bodies result ultimately in the formation of ordinary red 
nucleated corpuscles, the mode of development is very different 
to that by which the major proportion of the red nucleated cor- 
puscles are produced, in their colourless stage, in the spleen and 
the bone-marrow. This will be seen at once by reference to Photo- 
gi'aphs 194 and 195, Plate XXIII., and thefr descriptions, which 
show the colourless nucleated ellipsoids which have been, so to 
speak, thrown readfj-Diade into the blood from the spleen and 
bone-marrow. t Photograph 185, Plate XXIII., shows the 



* Vide Section V., *♦ On the morphological elements of the blood 
glands. 

t When we examine the fresh blood of the frog or Triton, we 
invariably see numbers of oval bodies which look like free nuclei, and 
have much the same appearance as those seen in the red corpuscles. 
These bodies are in reality the nuclei of colourless ellipsoids, in many cases 
as large as the red corpuscles ; but their cellular margins are so colour- 
less, smooth, and transparent, and their refractive index so akin to the 
liquid in which they lie, as to be wholly invisible, and incapable also of 
being photographed. Photograph 193, Plate XXIII., illustrates this fact. 
Every one of the apparently naked nuclei here seen is surrounded by a 
clear hyaline margin having about the same area as that of the visible 
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primary corpuscles which gradually undergo development in tlie 
blood itself through successive stages, as seen in Photographs 
186, 187, and 188, Plate XXIII., in which the division and 
formation of the nucleolated nuclei can be easily traced. The 
nuclei ultimately become set free and go through the changes 
previously referi'ed to, which are depicted in Photographs 189, 
190, 191, and 192, Plate XXIII. This mode of development 
has been very carefully investigated by M. Pouchet in the blood 
of the Triton ; but he has, I think, erred in considering the 
colom*less stage of the nucleated ellipsoid and the white blood 
coi*puscle to both arise out of the same body, and this a '* naked 
nucleus." This origin from a nucleus appears to me to be 
tme only of the colourless stage of the red nucleated cell. * 
Many of the bodies which appear to be iiaked nuclei can be made 
by osmosis to show a cellular envelope. The white corpuscles 
appear to be developed fi'om a primary cell, and the colomless 
stage of the red nucleated corpuscles from nucleolated nuclei, 
which are the offspring of these white corpuscles ; so that this 
primary ceU, passing through the white corpuscle stage, runs its 
course, and has expended its powers when the red nucleated cor- 
puscle has reached the period of its most perfect development, 
and its existence teiminates in the degeneration of this latter 
body. 

The colourless stage of the red nucleated corpuscle is 
preceded by a nucleus, or rather by a nucleolated nucleus, 
which has been set free from the white corpuscle ; but the latter 
body itseK does not proceed from a nucleus, but from a primary 
splenic or bone-marrow cell, which, by being brought into the 



red corpuscles. This margin may be rendered obvious by staining with 
fuschine (vide Photographs 194 and 195, Plate XXIII.), or by 
introducing some very fine power, such as Indian ink, into the 
blood, which attaches itself to these cellular margins and thus maps 
them out. I have found these corpuscles to be present in all classes of 
the ovipara, birds, fish, batrachia, and other reptiles. They are the 
ultimate or most developed products of their spleens and bone-marrows, 
and come over into the blood in a colourless state^ there to acquire 
hsBmoglobin. 
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blood before undergoing the regressive change necessary to the 
liberation of its nucleus (nucleolated), is stimulated by excess 
of pabuknn to renewed cell growth and development, presenting 
itself in the first place as an uninuclear, and subsequently as a 
multinuclear white corpuscle. The stages in this multiplication 
of nuclei may be traced in Photogi^aphs 186, 187, and 188, 
Plate XXIII. 

The development of the white and red corpuscle, as it occurs 
in the blood, proceeds, therefore, in one unbroken line, beginning 
with a primary lymph corpuscle, and ending with a fully- 
developed red nucleated corpuscle. The bodies recognised as 
the uninuclear and multinuclear white corpuscles are simply 
elements or links in this chain of development. This idea 
differs from that of M. Pouchet, who considers that the 
same body may take one or the other of two departures, one of 
which leads to the production of the white corpuscle, and the 
other to that of the red nucleated cell.* 

* Les conclusions g^n^rales suivantes nous paraissent ressortir du 
travail qui pr^cMe : — 

1. " Les h^maties et les leucocytes chez les ovipares d^rivent d'un 
seul et mSme 616nient anatomique. 

2. '♦ Le noyau des leucocytes subit une segmentation complete 
I'amenant k T^tat d'amas nucl6aire. Gelui-ci est toujours concentnque 
a r616ment. 

3. '^ La segmentation des leucocytes n'a jamais lieu tant qu'ils 
sont en suspension et en mouvement dans le s^rum. 

4. *' Les pr^tendus faits de segmentation observes sur les leucocytes 
adultes en dehors des vaisseaux, ne sont que le partage (se produisant 
sous rinfluence des mouvements du corps cellulaire) d'un amas de 
noyaux pr^alablement individualists. 

5. '' Les h^maties sont des formes ^l^mentaires ultimes. 

6. "Dans les hematics du Triton, le pr6tendu "reticulum" n'est 
qu^une apparence resultant du sectionnement partiel de la substance 
nucUaire. 

7. ** Le noyau de Thematic atteint an cours de son d^veloppement 
un volume maximum, puis diminue jusqu' k la p6riode d'6tat de 
r616ment. 

8. "Les h6maties disparaissent par dissolution dans le s^runcE 
ambiant. 

9. '• II n'y a jamais cliez le Triton de multiplication des h6maties 
par scissiparie, dts que le corps de celles-ci a commence de renfermer 
de riiemoglobine. 
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What has here been said relates only to the mitior process of 
blood formation. As before stated, we must carefdlly distinguish 
between the clear, colourless, nucleated elUpsoids, which are 
denved in a more or less fully developed state, so far as size 
and form are concerned, from the spleen and the bone-marrow, 
and those which are gitidually formed in the blood, frx)m 
nucleolated nuclei set free by the disruption of the fully-developed 
white corpuscle. 

It is with this latter mode that M. Pouchet has concerned 
himself in the triton, and which appears to follow precisely the 
same law of development as in the frog. 

The only point of difference between M. Pouchet and 
myself is that, whilst I consider with him that both the red 
and white corpuscles arise from one and the same body,* 
I hold theii* development to take place in an unbroken line, 
instead of by two diverse departm*es. M. Pouchet has fallen into 
this error by faihng to recognise the distinction between the 
primary lymph and splenic corpuscles and the nucleoloted nuclei + 
set free from the ordinary white corpuscles (bodies of the same 
size and appearance as each other), and it has landed him in the 
difficulty of having to consider that bodies of the same hind 
which have the same origin as one another^ pass on to diverse issues. 
Inasmuch as they are all under the same external conditions, 
this is prima facie a very unlikely thing, for such a divarication 
must either involve a difference in essential constitution, or in 



** Enfin 11 existe peut-dtre une relation entre T^tat mol^culaire de 
rh^moglobine existant dans les hematics (mais non telle que nous 
Textrayons) et les deux formes r6guli^res ovoides ou discoides, sous 
lesquelles oelles-ci se pr^sentent suivant les esp^ces animales." — M. 
Pouchet Joum. de L'Anatomie et de la Physiol., 1879. 

• These bodies may, in fresh blood, always be distinguished from 
each other by the use of weak saline aniline blue, which stains all the 
nuclear bodies, leaving the primary lymph and their derivatives, the white 
corpuscles, for a long time unaffected. 

t This body which M. Pouchet designates '♦ Noyau d'origine," I 
regard as the primary lymph and splenic corpuscle and the corpuscle of 
the bone-marrow, which is equivalent to these. It is not a naked 
nucleus, but a cell with its capsule closely applied to the nucleus. 
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environment. As before pointed out, it is only ^vitli that mode 
of development of oviparous blood which takes place in the 
blood itself from a colourless or white corpmcle that we are here 
concerned, and which is illustrated on Plate XX., Diagram II., 
under the head of the minor mode of development of oviparous 
blood. The major mode of development of oviparous blood 
from colourless ellipsoids formed in the lymphatics, spleen, and 
bone-marrow does not appear to have been hitherto recognised, 
certainly not as a distinct process of blood formartion. This 
mode is also illustrated on Plate XX., Diagi-am II., which may 
be studied with advantage in connection with Table E. 
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SECTION xn. 



On the Analogy and Relation which subsist between the 
Develojnnent of Mammalian and Oviparous Blood, 



In addition to the great process of blood-making which goes 
on in the mammal, by which colourless discs derived from the 
glands, spleen, and bone-marrow are converted into red 
discs in the blood, I have ventured to suggest the existence 
of a numerically less important mode which is, as it were, 
secondary and supplementary to the first, and which utilised 
such elements as may escape from the blood-glands before they 
have undergone the peculiar changes which it is the function 
of these organs to bring about. I allude to the development of 
the primary lymph or splenic or bone-marrow corpuscle in the 
blood from a uninuclear to a multinuclear cell, and the probable 
shedding of these nuclei to become in their turn colourless 
blood discs. Certain facts which I have ascertained in the 
ovipara appear to be highly coiToborative of this view, for we 
find that here also two distinct modes of development of the 
red nucleated corpuscle exist. A inajor one, which is that 
carried on by the spleen and the bone-marrow, and explained 
in a previous section, and a minor one, in which the development 
and formation of the corpuscle takes place in the blood itself. 
This latter mode I have illustrated by examples taken from the 
blood of the frog. It corresponds in all essential particulars 
with the method of formation of colourless discs in the blood 
fiom the nuclei of white corpuscles, with the exception that in 
the ovipara the bodies hberated are not simply nuclei, but 
nuclei containing large nucleoli. These nucleolated nuclei gradu- 
ally develop, and, passing into the elliptical stage (Hayem's 
corpuscle), become red nucleated cells. 

As an additional aid to the reader, I append Table E, 
which gives in a succinct form my views of the mode of 
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development of mammalian and oviparous blood, and which 
may be studied with advantage in connection with Plate XX. 

If read from left to right the bodies from each source, 
which are the natural equivalents of each other, are seen, and 
also the final product which they yield to the blood, and which, 
by becoming coloured, developes into the various kinds of red 
corpuscles. From above downwards, on corresponding lines, the 
analogues in the several kinds of blood are seen. 

M. Hay em has sought to maintain the existence of perfect 
independence between the white and red corpuscles both in 
mammals and ovipara,'*and, indeed, this is essential if the theory 

* Mais c'est ^videmment avec les globules blancs de la vari6t6 1 que les 
h^matoblastes peuvent Stre le plus facilement confondus. Nous 
r^sumerons dans le tableau suivant les caract^res qui peuvent servir 
A diff^rencier ces deux ^l^ments. 



GLOBULES BLANCS. 



HEMATOBLASTBS. 



Forme sph6rique. 

Corps protoplasmique finement 
granuleux. 

Noyau homog^ne ou 4 peine nua- 
geux, remplissant presque com- 
pUtement I'^l^ment, se colorant 
d'une mani6re trds intense par la 
rosaline. 

Corps protoplasmique d^pourvu, 
en g^n^ral, de granulations 
brillantes. 



EUment se r^duisant k T^tat sec 
k one tr^s mince pellicule tout 
k fait incolore, contenant un 
gros noyau homog^ne. 

Elements isol^s dans les prepara- 
tions. 



Forme plus aplatie et plus al- 

long^e. 
Corpuscule homogdne. 

Noyau relativement moins volu- 
mineux, contenant des granu- 
lations disposes d'une manidre 
particuli^re ; se colorant par la 
rosaline, moins fortement que 
celui des globules blancs. 

Presence fr^quente et constante 
chez certains animaux (rana 
temporariay par ex.) de granula- 
tions brillantes probablement 
vitellines. 

Corpuscule conservant k I'^tat sec 
sa forme et son volume, prenant 

- un aspect vitreux et une 
teinte jaun&tre manifesto ; noyau 
presque indistinct. 

Elements ayant la plus grande 
tendance k se grouper pour 
former des amas plus ou moins 
considerables. 

Nous ajouterons comme derni^re remarque que le globule blanc 
de la variety 1 n'est pas un element particulier au sang de la grenooiUe 
et des autres ovipares. II existe chez tons les vertebras et possMe, chez 
les animaux sup^rieurs, les mdmes caract^res que chez les ovipares les 
plus infimes ; sa presence n'est done pas li^e k Texistence des h^mato- 
blastes k noyaux, et il n*a sans doute pas de rapports plus etroits avec 
les hematoblastes chez les animaux k globules nucleus que chez les 
animaux sup^rieurs. 
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of hamatoblasts wbicb he has pi*opounded is to be sustained, for 
such a view renders it necessaiy to regai-d the lymph, splenic, 
and bone-marrow corpuscles as distinct elements which have 
nothing to do with the production of the red blood corpuscle. 

I have, on the contrary, tliroughout this work, endeavoured 
to prove that correct views of the development of the blood are 
capable of utilising and harmonising the great body of 
physiological and pathological facts which past industry has 
accumulated by showing that the lymphoid elements fi'om all 
som'ces must be regarded as either the direct or indirect 
progenitors of the red corpuscles. 



GENERAL CONCLUSIONS. 



That the true function of the blood-glands, or more properly 
speaking, of the lymphoid organs of the mammal (lymphatics, 
spleen, thymus, thyroid, bone-marrow, etc.) is to produce colour- 
less discs J slightly less in diameter, and a little thicker than the 
blood discs. These discs are of two kinds, oi exist in two 
stages — the cellular and the nuclear stage. The former I have 
designated the pHmary, and the latter the advanced lymph disc. 
The former is larger, more granular, and visible ; the latter 
more translucent and less visible. Both these bodies pass 
over into the blood, but the latter in by far the greater numbers, 
being the true and final product of the lymphoid organs. 



Passing to the blood side, we recognise again the presence 
of these lymph discs in small numbers, but they are now mainly 
of the primary or cellular variety, a few only of the free trans- 
lucent nuclear discs being visible ; but we are able to demonstrate 
that this is owing to the greater number of them having now 
become the invisible discs of the blood. These, subsequently. 
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by the gradual acquisition of colour, again become visible, and 
present themselves as the pale intermediate forms of the blood 
discs, which ultimately become the full red discs. This is the 
major mode of development in mammalian blood. On the other 
hand, between the primaiy or cellular form of the lymph disc 
seen in the blood, every transition form up to the multi-nuclear 
white corpuscle can be found. The origin of both the red and 
the white corpuscle in the blood is therefore accounted for, and 
their relation to each other demonstrated. 

3 

The conversion of the piimary lymph disc into the white blood 
corpuscle is simply an accessory and more protracted mode of 
development, apparently for the object of preventing formative 
waste, by utilising those products which come over from the 
lymphoid som*ces in an imperfectly developed state, for the 
nuclei of the white corpuscles being set free also pass through 
the invisible stage, and gaining colour, appear as pale blood discs. 
This method is described as the minor mode of blood making in 
mammals. 



The function of the lymphatics, spleen, and bone-marrow 
of the ovipara or of their lymphoid organs is to produce colour- 
less corpuscles, which also exist in two stages, a granulous 
lymphoid stage, and the more developed stage of a clear, colour- 
less, nucleated ellipsoid, the margins or cell bodies of which are 
invisible, and which is the analogue of the advanced lymph discs 
of the mammal. To these bodies also the terms primary and 
advanced lymph corpuscles are applicable. As in the mammal, 
both these bodies pass over into the blood, but the latter in 
by far the greater numbers. 

When we examine oviparous blood we find the primary 
coi-puscles and a large number of bodies which appear to be 
free nuclei, but which on careful inspection, and by the use of 
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various methods, are found to be ellipsoidal corpuscles (similar 
to those seen in the lymphoid organs), the margins of which 
are colourless and invisible. These ai-e the analogue of the 
invisible discs of the mammal. Their marginal portions or cell 
bodies gradually acquire colour and become the pale red 
nucleated corpuscles. This is the major mode of development 
in oviparous blood. 

6 

On the other hand, the primaiy or granulous lymphoid 
corpuscles undergo development into the multinuclear white 
corpuscle, and its nuclei (which are the analogue of the nuclei 
of the white corpuscles of the mammal) being set free, are also 
seen to undergo gradual development and growth into colourless 
ellipsoidal cells, which attain colour before they have arrived at 
the size of the former variety. These are the bodies which 
have been described by Hayem as the hsematoblasts of oviparous 
blood. They represent the accessory or minor mode of develop- 
ment of the oviparous red corpuscle. 

7 

As a lymphoid organ, the bone-marrow possesses special 
characteristics, which distinguish it from the spleen, lymphatics, 
thymus, etc., in the fact that, at an early period of embryo life, 
its colourless nucleated elements develop in situ into red 
nucleated cells, and that, at a more advanced period, these 
undergo conversion into, or give rise to, red discs ; but even in 
the embryo, side-by-side with this mode, a new method for the 
foimation of red discs is set up, which consists in the colouration 
of naked nuclei, which have been set free from the colourless 
cells of the man'ow. This differs only from the general 
mode of blood formation I have described in the fact 
that colour is obtained in some instances before the nuclei 
leave the maiTOw, instead of after they have entered the 
blood. These embryonic modes of blood formation persist 
in some of the lower mammals throughout life, alongside the 
numerically far more important mode, in which free nuclear 
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discs leave the marrow and enter the blood in a colourless state. 
In the higher mammals the bone-marrow at birth ceases almost 
entirely to produce discs by means of red nucleated cells, and 
in common with the other lymphoid organs, transmits to the 
blood naked nuclei, or advanced lymph discs, which, passing 
through the invisible stage, reappear as pale, red discs, and 
ultimately become fully coloured. It is, of com-se, possible that 
under some conditions embryonic modes may be reverted to, 
and in such cases even the bone-marrow of higher mammals 
might be found to again produce red discs from red nucleated 
cells. These are not, however, its normal conditions. We 
have already shown that the colourless ellipsoids of the ovipara 
are the analogue of the advanced lymph discs of the mammal, 
and, like these, they are transmitted to the blood in a colourless 
state to obtain their hsBmoglobin in the circulation. 

8 

As both the mammal discs and the oviparous ellipsoids 
enter the blood in a colourless state and acquire colom* while 
circulating in it, the inquiry naturally arises as to the 
source of their colouring matter. It is desirable to bear iu 
mind, as a possible solution of this problem, the fact that all 
the lymphoid elements, without exception, while in their primary 
condition, contain pigmentary matter, which is yielded to the 
plasma of their several organs as development proceeds, and 
which plasma, of course, passes With them into the blood. The 
bone-marrow is particularly rich in this pigmentary matter, and 
it is precisely here that cells and nuclei often become coloured 
in situ, a fact which we might reasonably attribute to the 
presence of a plentiful supply of pigment for conversion. 

9 

Leukhaemia is held to be due to a hyperplasia of the 
lymphoid organs, inconsistent with that lengthened stay of the 
products in these organs which is necessary to the decapsulation 
of the primary lymph disc and the setting free of its nucleus as 
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the advanced lymph disc. The consequence of this is that the 
primary discs, which have a celhilar constitution, pass into the 
larger lymphatics and blood vessels, and pursue their develop- 
?nent as white corpuscles, instead of passing through the nuclear 
and invisible stage to form red discs by the direct or major 
process; leukhaemia is, in fact, the substitution of the minor or 
accessory mode of blood-making for the dii*ect major mode, 
hence we can readily understand how in this condition increased 
production of white corpuscles is attended with diminution of 
red ones. 

10 

Anaemia, dependent upon disease, is regarded as being due 
to a diminution of the vitahty of the lymph discs, which leads to 
a reduction of their life period, and therefore to decrease of their 
numbers ; and inasmuch as the liaBmoglobiu is gained gradually 
in the blood, and in equal quantities in equal times, so the dis- 
proportionate decrease of liaBmoglobin to corpuscles in the ratio 
of 3 to 2, as shown by exj^eriment, is explained. Hence, given 
in any ordinary case of ansemia, the number of corpuscles per 
Cubic millimetre, we can ascertain the average life-period of the 
discs and the average number of haemoglobin increments per 
coi-puscle for this life-period. Tliis explains the typical variety. 
On the other hand, if the vitality of the corpuscle be differently 
affected, its haemoglobin-producing function may become seriously 
impaired, and the haemoglobin average be reduced below that 
proper to the number of corpuscles in the typical kind, and 
again, if the vitahty is more profoundly influenced, then the 
number of discs foimed by the lymphoid organs may be 
diminished, and the condition induced known as pernicious or 
essential anaemia. 

11 

It has been sought to show that fibrin formation and 
coagulation is not so entu*ely a chemical problem as hitherto 
supposed, but that so far as the lymph and blood are concerned, 
the process rests upon a purely moi-phological basis, in the 
former case this action being entirely ascribable to changes 
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which occur in the advanced lymph discs, and in the latter to 
the younger blood discs which are in fact simply the former 
bodies in a more advanced stage. Coagulation as seen in the 
lymph and blood therefore depends upon those discs, which, on 
account of their proneness to change when the blood is shed, 
have been designated in this work the fitffitire (jroup of discs. 
This comprises the nuclear discs which commence with the 
advanced lymph corpuscle, and end with the green, lustrous, 
diffused edged blood disc. The bodies which Hayem has named 
haematoblasts in mammal blood, and which he has shown to be 
associated with fibrin formation, possess these properties, 
simply by virtue of the fact that they are modified 
forms, and fragmentary portions of the younger blood discs, 
of those in fact, which have already acquired a little 
colour. The blood corpuscles of the ovipara are, equally 
with those of the mammal, susceptible of division into a 
permanent and a fugitive group, the former being represented 
by the more fully colom-ed corpuscles, and the latter by the 
colourless and slightly-coloured ellipsoids derived from the 
lymphoid organs, and the young ellipsoids (so-called hasmatoblasts) 
which develop and grow in the blood itself, the clear pellucid 
margins or cell bodies being the portions which in various ways 
undergo modification and conversion into fibrin. This view 
does not interfere with the chemical views of fibrin-formation so 
far as pm*e solutions containing the separate elements necessai'y 
to coagulation are concerned ; but, on the contrary, throws great 
light on the nature of these processes, and on the relation 
which the substances, known as fibrinogen, fibrinoplastin, and 
ferment bear to the constituents of the coi'puscles. 
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DESCKIPTION OF PLATES. 



PLATE I.- 

Fig. 1 shows the arrangement for producmg, by means of 
Newton's rings, a bander which prevents the passage of the blood 
corpuscles, while allowing that of the liquor sanguinis. The 
blood being inserted at A, the serum filters off into the space B. 
As a consequence, the corpuscles become packed together in 
the space A, and the colourless discs are displayed among them. 

Fig. 2. — An arrangement of the slide and cover glass, by 
means of which the earliest matters that adhere can be readily 
examined in the absence of the obscuring influence of the 
liquor sanguinis, which can be removed and restored at will by 
gentle movement of pinion screw. {Vide page 6.) 

Fig. 8. — Arrangement for getting rid of t)ie surplus blood 
by capillarity, it admits of the adhering corpuscles, granules, &c., 
being exposed to the influence of fixing vapours or solutions, 
(osmic acid, &c.) the instant they are removed from the liquor 
sanguinis. [Vide pages 8 and 10.) 

Fig. 4. — Arrangement lor removing surplus blood by meana 
of air or other gases, charged with dried vapours. ( FiW<?page G.) 



* All the corpuscles up to Plate XI. are magnified 476 and the 
remainder 500 diameters. A micrometer scale divided into 10 and 
20,000th8 of an inch is given with each magnitude. (Vide Plates IX. and 
XXIII.) 
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PLATE II. 

Pliotogi'apli 1.— Ordinary red biconcave disca, tlio foi-iu 
of wliicli has been presei-ved by oamic acid vapour. 

Photogi'aph 2, — Oi-dinary white blood corpuscles. The 
red discs present have in tins preparation become spherical, And 
look, consequently, smaller and darker. 

Photograph 3.— Specimen of blood from which the 
liquor sanguinis has been imrtiHlly withdrawn. The dark 
masscB consist, in some cases, of single, deformed red 
corpuscles, and in others of several fused toRether. Many 
of these masses will be seen to be boimded by curvilinear 
indentations, and if some of these are carefully examined, 
it will be observed that they are due to the presence and 
influence of certain disc-like auniilai' bodies, which bj'o either 
prossmg into the red corpuwcular raaasea, or forming a baaia 
around wliich these plastic masses are applying and adapting 
themselves. The latter view is probably the con-ect one, 
inasmuch as the red corpuscular masses may often be seen to 
swim freely about in tlie liquor sanguinis, still retaining 
theii- concave outlines, and, fitting into some of tliese, 
dehcate, nearly invisible coi-puscles may be detected. This 
being the case, it is fair to consider that the concavities in the 
cases where no corpuscles can be seen are due to the 
presence of corpuscles wliich are quite invisible. 

Photograph 4. — In this specimen the liquor sanguinis has 
been filtered off to such an extent that tlie interstices between 
the inviaibie corpusclea have become filled with closely packed 
red corpuscles, and these, forming a new background, reveal the 
appare)it sfiaees in which the invisible corpuscles lie. It will be seen 
that, in some instances, these coi-puaclea have attained a slight 
shade of colour, and, therefore, can be seen ; but in the majority 
of cases the light ia aa easily transmitted as through the glass 
itself. Some of the colourless discs are fusing together, and 
others are connected by a small neck of tlieir own substance. 
Theae two facts show their liquidity. 

Photograph 6. — In tliia specimen, the proximity of the r«/ 
corpuscles is less complete, and the individual red coipuscles 
forming the dark background and revealing by contrast the 
iiivisible discs can be dibjtinguished. 

Photograph C— A preparation in which the outlines of the 
invisible corpuscles have been made juat apparent where they 
ai-o in contact with and press against each other by altering 
the refractive index with saturated solution of salt. 
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PLATE III. 

Photograph 7 shows the iullueiice of loiig-coutiuued 

action of salt. The invisible corpusclea become contracted 

and their edges stained by hfemoglobin derived from tlie 
Goloiji-ed discs, which are abo condensed. 

Photographs 8, 9, aud 10 display groups of young 
corpuscles, which have been withdrawn from the blood by 
means of their adhesiveuesa to soUds. Aa the degree of 
adhesiveneas is inversely an the colour, it is not diiEcult 
to withdraw from the blood a lai'ge number of its younger' 
corpuscles, for these readily attach themselves to the slide or 
the cover-glass ; the best method of doing this is to fasten down 
tlie cover-glass at one end with plaster (foiiuing a sort of 
hinge) upon a slide which has been drilled, and has a fine screw 
working in a bush, by which the cover-glass can he gently 
raised at the opposite end to which it is attached, and the mass 
of blood he made to recede by capillarity to the other end. 
Tliia requires to be done with the utmost gentleness, for if the 
movement of the blood is too great the youngest corpuscles are 
broken up into grauules. About four minutes should be allowed 
for the corpiiBclea to adhere. 

Photograph 11, — -In the centre of this group four of the 
colourless discs have become fused together into a smooth 
mass. At the broad eud of the group there are two similar 
masses. That on the left has a young, ahgbtly coloured 
corpuscle incorporated in it. Such masses as these frequently 
gi'anulate. 

Photograph 12. — In this preparation we see colouidess 
discs isolated from the groups. Thre© of these are in I" 
amooth state, but a fourth on the right is undergoing granular 
disintegi-ation. Various granular masses and particles are also 
aeeu. These represent lUbris of the colourless discs. This 
mode of degeneration is one of the numerous proofs that these 
corpuscles are not decolourised red discs. Lower on the right 
invisible corpuscles may be seen lying amongst red corpuscles, 
and being indented by them so as to give the appearance of 
spaces filled with mere white liquid matter. 
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Photograph 14. — In thiu iireparation the iuviaible dines 
appear to be abseut, wliilo there are present many partially 
coloured onea — colourless discs are, however, iu this case lying 
like liqoid in the capillary spacer; between the coloured disca. 
This is well seen in a group at the left-hand side of the specimen. 
Small fragments of the matter of which the coloured discs are 
formed may be seen uniting two or more coloured corpuscles 
together. When these discs become separated from each other 
such little beads are drawn out into hhres. This is one way iu 
which fibrin is formed. 

Photogi'aphs 16 and 16 are examples of pi'epai'ationii 
obtained by practising the ' method of isolation ' over the vapour 
of oamic acid. By this means all the vai-ious grades of tlie 
blood discs ai'e preser\-ed and fixed. But here, as in tlie 
l>reviouB case, some of the more delicate colourless ones lie 
like Uquid in the capillary spaces between the more advanced 
ones, and even those which have attained considerable colour arc 
seen to have spread themselves out, and to have acquired a 
gi-eater diameter than the more coloured ones. Photograph 16 
exhibits several nearly colourless discs iu which the biconcai'e 
form has been retained. 

Photographs 17 and 18.- — Preparations of blood reduced to 
the freezing temperature, and subaeqnently exposed at this 
degi-ee of cold to the dry I'apour of osmic acid. By this means 
the biconcave form of the iurisible and the slightly coloured 
discs eau be i-eadily preserved. 

The granules seen in these specimens result from the 
breaking up of some of the partially coloured discs. They are 
the bodies which Hayem has described as the htematoblaste of 
mammalian blood. "When these discs undergo granulation 
they do not invariably break up at once into sepai'ate and 
independent grannies, but assume the character of a coloured 
granular corpuscle. In this condition [Hde Photograph 18|, 
they have been described by Semmer under the name of 
granule spheres, {Konwkwjeln,) as interraediato or tmnsition 
lonuH beween the ordinary white corpuscle and the red disc. 



204 Colourless Difu-s foniiiwj Fibrin, etc. 



PLATE V. 

Photograph 19 shows a mosaic group of coloured corpus- 
cles, surrounded by invisible ones. A keen sight may detect in 
eveiy part of the background of this specimen dark lines, they 
indicate the existence of a layer of pliantom corpuscles, which 
may be brought out by protracted staining with alcoholic 
solution of aniline brown. ( Vid^' Photograph 20.) 

Photograph 20. — This specimen has undergone protracted 
staining with aniline brown, and a complete background of 
corpuscles, which were previously invisible, has thus been 
brought into view. 

Photograph 21. — This is a similar specimen to 20, with 
the difference that many of tlie invisible corpuscles have 
become already fused into liquid masses, which appear to 
adliere to and surround the more coloured corpuscles. 
In many cases the invisible corpuscles are still sufficiently 
distinct to show how the ** plasmine pools " originate. There is 
reason to consider tliat eveiy paii; of the background of this 
specimen is covered with liquid of coi-puscular origin. 

Photograph 22 shows invisible and slightly coloured cor- 
puscles imdergoing fusion, spreading, and disintegration. This 
represents a still more advanced stage in fibrin formation. 

Photographs 28 and 24. — These specimens are introduced to 
show how the colourless and slightly coloured discs may be pre- 
served by spreading and rapidly diying the blood. In this way 
we fix them before they have sunk down as a homogeneous layer 
upon the slide. The more rapidly the blood can be dried, the 
greater will be the number of colourless discs preserved. 
28 represents spontaneous, and 24 rapidly-dried blood. {Vide 
page 10.) 
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PLATE n. 



Pliotogi-apli I.^Orilinary red biconcave discs, the form 
of wliicli Las been preserved by OBmic acid vapowr. 

Pliotograph 2. — Oi-dinai'y wliite blood coi-puscles. The 
red diacs present have in tbiu preparation become spherical, and 
look, consequently, smaller and darker. 



Photograph 3. — Specimen of blood from which the 
liqwor eanguinis Ijas been jiaitiiilly withdi'awn. The dark 
masBes consist, in some cases, of ■ single, deformed red 
corpuseles, and in others of several fused toftetlier. Many 
of these massea will be seen to be boimded by curvilinear 
indentations, and if some of these are carefully examined, 
it will be observed tliat they ai-e due to the presence and 
iuHneuce of certain disc-like annular bodies, which are either 
pressing into the red corpuscular masses, or forming a basis 
around which these plastic masses are applying and adapting 
themselves. The latter view is probably the correct one, 
inasmuch as the red corpuscular masses may often be seen to 
swim freely about iu the hquor sanguinis, still retaining 
theii' concave oiitlines, and, iitting into sonae of these, 
delicate, nearly invisible coi'puscles may be detected. This 
being the case, it is fair to consider that the concavities in the 
cases where no corpuscles can be seen are due to the 
presence of corpuscles which are quite invisible. 

Photograph 4. — In this specimen the liquor sanguinis has 
been filtered off to sucli an extent that the interstices between 
the invisible corpuscles have become filled with closely packed 
red corpuscles, and these, forming a new background, reveal the 
apparent B-piices in which the invisible corpuscles lie. It will be seen 
tliat, in some instances, these coi-puscles have attained a slight 
sliade of colour, and, therefore, can be seen ; but in the majority 
of cases the light is as easily transmitted as through the glass 
itself. Some of the colourless discs are fusing together, and 
others are conuected by a small neck of their own siibatanee. 
Tlieae two fitcts show their Uquidity. 

Photograph 6.- — In this specimen, the proximity of tlie r«' 
corpuscles is less complete, and the iudividual red corpuscles 
forming the dai'k background and reveahng by contrast the 
ijviaible discs can be distinguished. 

Photograph 0. — A prepai-atiou in which the outlines of the 
invisible coi-pusclea have been made just apparent where they 
jue iu contact with and press against each other by altering 
llic rnfi-aetive index with saturated solution of salt. 

















Photo. 30 ,-^ 



ll 









•?,^' 






J 



PLATE VI. 

Photograpli 25 is a specimen ill whicli tlie invisible cor- 
puscles have been btonglit into view in ihe senim by staining 
with carmine ; other methods have since been devised whicU 
are less difiicnlt and in many respects preferable. ( Vide Section 
III., page GG.) 

Photograph 26.— Specimen showing dark, Ml red grannleK, 
frequently seeu in fresh blot/d, and which appear to be the 
d^lirk of red coi-puscles which have reached the period of tlieii' 
full development, and ai-e undergoing disintegration. This in 
probably one mode iu which the red corpuscles finally 
disappear. They are also present in Photograph 23, 

Photogi-aph 27. — A specimen of lymph discs, taken from a 
lymphatic gland immediately after death. The dark, circular 
bodies here and tliere are red corpuscles. Some of these lympli 
discs may be seen to be already biconcave, and others ai'e iit 
jirocess of change. The remarkable regularity of size of these 
bodies among themselves, and their eaay gradation to thu 
biconcave colourless disc, will arrest the attention of the 



Photograph 28 is a specimen of similar corpuscles from tlio 
spleen. They are extremely fragile, and hable to change, bat, 
when properly preserved are bodies closely akin in size anri 
constitution to the gland corpuscles before described. The dark 
bodies and masses are red corpuscles. 

Photographs 29 and SO show the changes of size and 
appearance which frequently occur in the previous bodies, after 
the organs (glands or tpleen) have been allowed to cool to the 
temperature of the room. The rings with dark outlines ou 
tliese specimens are, of course, air bubbles. 
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PLATE VII. 

Pliotograph 81 reprcHents lynipb corpuscleB which have 
b(^oii submitted to the action of water, and Bubscquently stained 
on account of their extreme faiutnesB. It will be noticed that 
they are very differently affected, tiome of them have 
attained a diameter of 15-20»000tlis of an inch, while others 
are scarcely swollen at all. 

Photograph 82. — Changed appearance of gland coi'pusclcK 
fruin aggregation and fusion. Their gi'eatcr density and 
opacity distinguishes them from the merely swollen states of 
these bodies. 

• 

Photograph 88 shows more complete coalescence of the 
lymph corpuscular substance. 

Photograph 84 is an example of fibrillation among lymph 
corpuscles. The corpuscles adhere to each other, and ai*c 
pulled out into threads or fibres. 

Photograph 85 shows a plate of lymph fibrin produced by 
the coalescence and melting down of lymph corpuscles into a 
continuous soft film upon the slide. 

Photograph 80. — Lymph coi-puscles, some of which may be 
seen to be sun-ounded by a light zone. {Vide Photographs 122, 
128, and 124, Plate XVI.) 
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PLATE VIII. 

Photograph 37. — Lymph corpuscles coalescing and giving 
rise to a thick liquid whicli flows slowly down the slide. 

Photogi'aph 38. — ^Lymph corpuscles which have been 
rendered UTegulai'ly spherical by two per cent, solution of salt. 
The dark bodies among them are spherical blood corpuscles. 

Photograph 39. — Specimen of lymph discs, some of which 
have become smoothly bi-concave for about half or two-thirds of 
tlieir extent, while the remaining portion still retain the usual 
regular aspect. 

Photograph 40. — Biconcave discs of various sizes formed 
artificially from simple organic substances. {Vide Part IV., 
Section I., ** On the causes of the bi-concave form of the 
mammal blood corpuscle.") 

Photograph 41. — Myelin liberated from lymph corpuscles 
by means of strong acetic acid. The biconcave form of these 
little masses is worthy of notice. 

Photograph 42. — A white corpuscle, the delicate capsular 
pellicle of which has been removed, exposing the nuclei and 
the smooth liquid protoplasm in which they are imbedded. ( Vide 
Photograph 183, Plate XVII.) 
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PLATE IX. 

Photograph 48 shows the discharge of the protoplftsmic 
contents and the simultaneous con ti*action of the white corpuscle^ 
caused by the action of a saturated sohition of salt. 

Photograph 44. — A specimen in which the nuclei also 
appear to have undergone rupture and contraction. The white 
content matter is here seen more plainly because it lies on a 
background of decolourised red corpuscles. 

Photogiaph 46. — Granules resulting from the breaking up 
of younger or fugitive corpuscles. 

Photograph 46. — Coagulum of pig's blood, on the surface 
of wliich may be seen granulating young coloured corpuscles^ 
mistaken by Semmer for intermediate ones between the ordinary 
white and the red corpuscle. 

Photograph 47 shows that some of the red blood corpuscles » 
if not all, have two constituents, a coloured and a colourless^ 
the latter being masked or concealed within the former. They 
can bo disengaged fi-om each other in several ways. (Ttr/r 
Photograplis 67, 68, and 69, Plate XII.) 

Photograph 48. — Micrometer divided into 10,000th8 and 
20,000tlis of an inch. Objects in any of the photographs may 
be measured and compared with each other by means of a pair 
of compasses. 
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PLATE X. 



Photograph 49.^Eshibits tlie differences of colour between 
the liquor sanguinis of blood freshly shed and of the Hpacen 
which contain air ouly, the difference of tint under tliene 
cirenm stances is usually very slight. 

Photograph CO.^From a specimoii in which the colouring 
matter lias been prevented leaving the corptiscles by the uhc of a 
colloid (dry soluble albumen. | The air spacea, the liquor 
sanguiuiB, and tlie invisible corpuBcles, are here all alilie 
colourless. ' 

Photograph 51. — Taken close to the rings of Newton. 
The liquor sanguinis is of a deeper tint than the air-spaces, 
tiwing to the presence in it of much hiemoglobin. The corpuscles 
are increaHcd in diameter, and have a faint appearance, owing to 
tlie fact that they ai-e made very thin by the proximity of the 
glasses, and becaiiRC the contrast between them and the liquor 
eanguiniH is diminished by the discolouration of the latter. 

Photograph 52. — Another specimen near to the rings of 
Newton, in which red discs have been prevented from giving up 
their colour by the use of a colloid (albumen.) The serum ia in 
this cane nearly as colourless as tlie air-spaces. Photographed 
eighteen hours after preparation. 

Pliotograph 63-54 represent pi-ecisely the same spot near to 
tlio barrier or rings of Newton. 63 shows the state of the 
specimen soon after preparation, and 54 after an interval of 
eighteen hours. No preservative was utied. All the red 
eoipuscles have disappeared in .litii while the colom-letss discs 
which lay among them have remained, and may be seen ae 
phantom forms in the coloiu'ed serum. If those were, as some 
have thought, decolourised red corpuscles, they should have 
been the first to disappear. 
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PLATE XI. 

Photograph 55. — Groups of the invisiblo corpuscles in the 
splicrical state obtained by the * method of isolation.* 

Photograph 56. — Similar gi'oups to 55^ fusing into white 
masses. 

Photograph 57. — Shows the fusion of the colourless discs 
in a more complete state. 

Photograph 58. — Here colourless discs have not only 
become fused but the resulting masses have commenced to 
granulate. 

Photograph 59. — A specimen of the red disc, which 
occupies a mid-position between the corpuscles of the permanent 
and the fugitive groups. When seen under the microscope it 
has a lustrous flickering character, and is of a greenish colour. 
Like those of the ** fugitive group," it has a disposition to fall 
down and spread itself like a liquid upon the slide. 

Photograph 60. — An example of the direct conversion of 
the colourless discs into fibnn without passing through the 
stage of granulation. It is due to annulation modified by cun-ents. 
(HV/rPartlV., Section I.) 
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PLATE XII.' 

Photograph 61. — A group of coq^uscles withdrawn from 
fresh human blood by the *• method of isolation " over osmic 
acid vapour. Examples are here found of every kind of blood 
disc, from the colourless to the full red stage. 

Photograph 62. — We have here three colourless discs, 
well isolated from the red ones. A fourth to the right hand has 
become granular, and has lost its clearness of outline. On the 
left of the little group of red corpuscles there is a smooth disc, 
which is almost invisible, although the serum is absent. 
Masses which represent fused and broken-up discs in the 
granular state are also to be seen in the specimen. 

Photograph 68. — Colourless discs in the early stages of 
granular dismtegration. 

Photograph 64. — Colourless discs in a more advanced state 
of fusion and granulation. The granules resulting from the 
disintegration of ordinary white corpuscles are finer and more 
distinct. (Compare Photograph 77, Plate XIII.) 

Photograph 66. — Granules derived from the breaking up of 
colourless discs entering into the formation of fibrin. 

Photograph 66. — In this specimen among the ordinary 
red discs may be seen others of the variety described in 
Photograph 69, Plate XI., as the green, lustrous-looking cor- 
puscles, which occupy a position between the permanent and 
fugitive groups of the red corpuscles. These corpuscles are 
here seen to be undergoing change. White matter is appear- 
ing at their circumference, while the coloured material is 
collecting in their centres. These changes are the same as 
those previously described as taking place in the colourless dUm 
(vide Photographs 62 and 63) ; but they are occurring now in 
corpuscles which have become colom-ed to a certain depth only, 
and not entirely through their substance ; hence, when disinte- 
gration occurs, the material which has been converted into 
hsemoglobin is drawn away and condensed, leaving the colour- 
less substance or part exposed to view. More extreme results 



* All these specimens, from Plate XII. to XXIII., are magnified 
500 diameters. The micrometer scale for this magnitude will be 
found on Plate XXIII. 
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of this change, both in entire corpuscles and granules, are shown 
in Pliotographs 67, 68, 69, and 72. 

Pliotograpli 67. — Rosette coi-puscles due to a more 
excessive action of the changes described hi Photogi*aph 66. 

Photograph 68. — Rosette gi-anules. The giiuiules which 
arise from the breaking up of tlie young coloured corpuscles 
undergo precisely the same separation into colom-ed and 
colourless portions, as the entire corpuscles do. In the lower 
part of this specimen we notice a group of granules from which 
the intermediate wliite substance has nearly disappeared. 
Compare this with the gi-oups of granules on I?hotogi'aph 72. 
This white substance is the so-called cement matter referred to 
by M. Hayom. It is in reality the interior substance of young 
partly-coloured corpuscles and then* granules. 

Photograph 69. — Rosette corpuscles obtained from human 
blood which had been kept for a short time at its noimal 
temperature by means of the waim stage. The white borders of 
specimens thus prepared are more spiked or stellate, and have a 
greater disposition to granulate. 

Photogiaph 70. — Young partly -colom-ed coiimscles breaking 
up into granules, which are held together more or less by the 
interior white matter. Sometimes a coi-puscle may be seen to 
break up In sitUy and the granules may then be counted as in 
one example in this specimen. Corpuscles similar to those 
which have been broken up may be seen unaffected in the 
specimen. 

Photograph 71. — Circlets and beaded rolls of granules 
described by M. Hayem as wreaths, garlands, and chaplets of 
so-called liaBuiatoblasts. Their origin is seen in Photograph 70. 

Pliotograpli 72. — Examples of granule masses (so-called 
groups of hsBmatoblasts) held together by white substance of 
interior, which tends to fuse into a common mass {vide descrip- 
tions of previous photographs). The entire Plate illustrates 
the source of the so-called hmmitohlasts. 
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PLATE XJII. 

Photograph 73. — In this specimen the coloured matter 
usually covering the exterior of the corpuscle, and hiding its 
white central part, has an*anged itself as a tliin zone around it, 
tlms allowing it to come into view. The coloured paiii 
frequently becomes dissipated, and the white interior masses 
then coalesce forming groups. Tliese fuse more closely, and 
homogenous white masses or sheets are formed, such as the one 
seen in the upper part of the specimen. 

Photogi'aph 74. — The large mass in the centre of this 
specimen is partly in tlie groupal and partly in the fused or 
homogenous state, which demonstrates that it is in this manner 
some of the smooth sheet!* and masses of white matter are 
formed. 

Photograph 75.— In this specimen young corpuscles may 
be seen to be breaking up into granules, which become con- 
verted by extension into fine filaments of slightly coloured 
fibrin. This is the kind of fibrin which makes its appearance 
in an ordinary specimen of blood between the rolls. It can be 
seen in the serum, because it is slightly coloured. 

Photograph 76. — This specimen illustrates a curious effect 
which is constantly taking place in blood submitted to examina- 
tion on glass slides. In the first place corpuscles and groups of 
<}orpuscles become attached to the suiface, and over these threads 
of fibrin are formed, due to the extension of the viscous matter 
of the younger corpuscles by the red ones, which first effect 
slight adhesion to them, and subsequently, by swimming freely 
about in the serum, draw them out into fibres. When this net- 
work of fibrin contracts, as it shortly does, it cuts the corpuscles 
which are beneath it into fragments, and the result is a free 
production of so-called hsBmatoblasts. (Traces of this action 
may be seen in Photographs 75 and 81.) 

Photograph 77. — Granules resultnig from the disintegration 
of three white coi-puscles. These granules do not enter into 
the formation of fibrin. 

Photograph 78. — This specimen shows entire corpuscles 
undergoing direct disintegration into fibres. In some cases the 
corpuscles are wholly resolved into a fibrous network ; in other 
•cases the action is partial only. 
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PLATE \llh— (continued). 

Photogi'aph 79. — First steps in the formation of i*adiatiiig 
fibres from the rosette corpuscles. The rosette coi-puscles, 
masses, or granules, adliere to the sui*face of the sUde, and 
red corpuscles frequently adhere to and around them. The 
white borders of the isolated ones readily spread down upon the 
slide and become lost to view, w^hile coloured fibres are drawn 
out from the central dark parts by adhesion of the free 
corpuscles, as before indicated. 

Photograph 80. — The action of fibrillation is in this case 
more advanced, the white borders of the rosettes have almost 
entirely disappeared, and the centml dark portions are 
iiTegularly stellate and angular, owing to fibres being dragged 
out of them. These angular, central dark parts have been 
described by M. Hayem as haematoblasts. The white borders, 
are invisible in the presence of the liquor sanguinis. 

Pliotograph 81. — In this specimen the white borders have 
entirely disappeared, and the central dark masses are dis- 
integrated into granules, and, becoming extended into fibres, 
many of these threads lie across red discs and are cutting 
thom hito pieces. 

Photograph 82. — Some of the young corpuscles, without 
undergoing any preliminary disintegrative changes, have fibres, 
drawn out fi'om the substance of their peripheiy. In this way 
they gradually become lessened and exhausted. Such corpuscles 
have also been described by M. Hayem as haematoblasts. 

Photograph 83. — A group of oviparous blood corpuscles, 
showing every stage of colour between a perfectly colourless^ 
nucleated and a full red nucleated corpuscle. There is in 
respect to colour a perfect analogy between the development of 
the mammal and oviparous coi-puscle. (Compare Photograph 
61, Plate XII.) 

Photogi-aph 84. — Colourless nucleated corpuscles, brought 
into view by staining. When such corpuscles are submerged 
in the serum their nuclei alone are seen, the margins being 
invisible, and therefore offering a perfect analogy to the 
invisible discs of the mammal. 
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PLATE XIV. 

Photograph 85. — An excellent illuBtration of tlie formation 
of fihnn from the periphery or exterior of young partially- 
coloured corpuscles, without disintcgi^ation of the cori)U8clcB 
into their twc) substances, coloured and colourless, so-called 
hiematoblasts. 

Photograph 86. — Formation of radiating fibrin from the 
coloured substance of fragments of young discs (so-called 
hfematoblasts.) The two materials of the coi*puscles have in 
this case become separated fr*om each other, and the white 
matter has gathered itself up into distinct globules, and does 
not seem to be suflSciently viscous to yield fibres, or is not 
adliesive to the free red corpuscles. 

Photograph 87. — A mass of granules derived from the 
disintegration of comparatively colourless discs, two- of which 
are seen on the margin of the mass. 

Photograph 88. — A sheet of fibrin formed by coalesceuco 
and contraction from a similar mass of granules to those seen 
in Photograph 87. 

Photograph 89. — Young highly-coloured coi'puscles still 
retaining the tendencies to swell and spread possessed by the 
diflftised-edged corpuscles. ( TiV/^* description of Photograph 66, 
Plate XII.) 

Photograph 90. — Granular masses yielded by highly-co- 
loured young coipuscles, so-called hsematoblasts. 

Photograph 91. — Another method in which coloured 
coi'puscles divide up into the smaller bodies, which have been 
regarded as growing blood discs. The fragments are often 
biconcave in form. Microcytes may arise in this manner. 

Photograph 92. — Young discs in the act of granular 
degeneration. 

Photograph 93. — More highly coloured corpuscles under- 
going granular disintegration. 

Figure 6. — Diagram furnished by M. Hayem, illustrating 
his views of the development of the red discs from so-called 
haematoblasts. 
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PLATE \i\.—fcontimie(!.J 

Photographs 94, 95, and 96. — Lymph corpusclea from the 
lymphatic glands of yomig pigs, just killed. They are »ee]i to 
bo discs in vanous stages of development, and some of them 
have already taken on the biconcave form. This is particularly 
noticeable in photogi*aphs 95 and 96. 

Phi)togi*aph 97. — Colourless discs obtained from fresh 
human blood. Their biconcave fonn has been preserved by 
the combined influence of cold and osmic acid vapour. 

Photogi-aphs 98, 99, and 100. — Specimens of human blood 
preserved with osmic acid vapour. Among them may be seen 
all intennediate stages of colour between the colourless and the 
full red disc. The more coloured corpuscles are a little con- 
tracted by the strength of tlie osmic acid necessary to preserve 
the younger and less coloured discs. For this reason the con- 
cavities in specimen 100 are a httle exaggerated. 
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PLATE XV. 

Photogi'apli 101. — Primary, or least-developed lympli 
discs. They are about the diameter of the red corpuscles, and 
have the appearance of naked nuclei, but are in reality true 
cells, the walls of which lie m close contact with the nuclei. 

Photograph 102. — Corpuscles from a fresh lymphatic gland 
of a pig, a little compressed by the cover-glass to show that 
the appearance seen in 101 is due to furrows or iiregular 
depressions, and not to granules. The larger ones are more 
advanced, and have spread themselves do^^^l on the slide with 
great increase of diameter. 

Photograph 108. — Appearances presented by lympli cor- 
puscles taken from the same gland as 102, but from whicli the 
liquor lymphae has been removed by the ** method of isolation. ' 
Under these ch'cumstances the primary ones show a dark edge, 
while the advanced ones have- spread themselves down as whitn 
masses upon the slide. 

Photograph 104 shows the peculiar sinking down and 
spreading tendency to which advanced lymph discs arc liable after 
removal from then* normal habitat. 

Photogi'aph 106. — Excessive action of sinking down and 
spreading, which comes on rapidly in the advanced lymph 
corpuscles when submitted to examination . The corpuscles whicl 
have still retained their form are of the primary kind. 
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Photograph 106. — Earliest appearance of spreading action 
in advanced lymph corpuscles. No reagents were added to the 
first six specimens on this plate. 

Photograph 107. — A specimen of lymph diluted with fresh 
blister fluid. The advanced corpuscles have spread excessively^ 
while the primary ones have retained their normal size. 

Photogi'aph 108. — In this case the spreading action of the 
advanced lymph disc has been restrained by diluting the speci- 
men with a five per cent, solution of sodium chloride. Tlio 
difference betweeen the two kinds of coi'puscles is still, however, 
sufficiently obvious. 
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PLATE XY.—fconti7iued.j 

Photograpli 109. — Light and dark granules, the debris of 
both primary and advanced lymph corpuscles. 

Photograph 110. — Primary and advanced lymph corpuscles 
fi-om the thyroid gland of the calf. The advanced coi-puscles 
are quite white, and spread down, while tlie primary ones are 
highly pigmented. 

Photograph 111. — Coi-puscles from the same thyroid gland 
as 110, presei-ved £i*om spreading down by means of cane sugar. 
The distinctive appearance between the pigmented primary 
ones and the colourless ones is still sufficiently obvious. 

Photogiaph 112. — Effects of staining lymph witli saline 
aniline blue. The advanced coi'puscles alone take the stain and 
swell up into enonnous discs, while the primary ones become 
more or less contracted and shrunken. 
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PLATE XVI. 

Photograph 113. — Effects of saHne anihne bhie upon the 
corpuscles of sheep's Ijnnpli. Certam corpuscles stahi and swell 
in proportion to their degree of development. These appear to 
be the free nuclei or advanced lymph corpuscles, inasmuch as 
the primary corpuscles, which are pigmented, neither stain nor 
swell, but, on the contraiy, contract. Some corpuscles swell, 
but do not stain. This seems to indicate that the nuclei 
after their liberation imdergo a further process of development, 
those which stain and swell most being the most advanced. 
These advanced corpuscles are very delicate and smooth, but 
being adhesive pick up granular matter which is free in the 
liquor lymphflB. 

Photographs 114 and 115 are the same specimen before 
and after the addition of saline aniline blue, and are introduced 
to show the enormous degree of swelling which occurs under 
the influence of this reagent in both the corpuscles and the 
granular debris, 

Photogi'aph IIG. — The advanced corpuscles in this specimen 
have been stained and swollen into large discs by the saline 
aniline blue. They are, however, of unequal diameter, and this 
denotes stages in their development. The primary pigmented 
corpuscles have, on the contrary, undergone contraction. 

Photograph 117. — Corpuscles from the lymphatic gland of 
a pig. In this specimen three states of corpuscles were dis- 
tinguishable after the addition of sahne aniline blue. 1st, The 
primary pigmented kind, which did not stain but became con- 
tracted. 2nd, A kind which spread out into larger discs, but did 
not become stained. 3rd, A kind which became stained and 
extended into large discs of various diameters. These latter 
show in the photograph a granular or flocculent appearance. 

Photograph 118. — Sometimes the granular debris which is 
attached to swollen and stained nuclei appears to be portions of 
the imperfectly removed primary capsule. In this case the 
gi*anules do not stain. This appeared to be the case in this 
specimen. 

Photogi'aph 119. — Appearance presented by primary lymph 
corpuscles when spread down upon the slide and out of the 
liquor lymphae. They are smooth, green, lustrous bodies, and 
may often be seen in bubble spaces. The white patches on this 
specimen are similar bodies attached to the cover, but out of 
focus, and must be neglected. 
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PLATE X VI.— /^ continued, y 

Photograph 120. — A specimen of lymph from a lymphatic 
gland, in which an attempt has been made to preserve the 
advanced corpuscles by means of cane-sugar. They have, how- 
ever, become partially laid down upon the glass-slide. The 
dark irregular bodies are corpuscles of the primaiy kind. 

Photogi'aph 121. — A specimen treated in the same manner 
as 120. The corpuscles are more pei*fectly preserved, but some 
of them are fusing together and spreading down upon the slide. 

Photographs 122, 128, and 124 illustrate the endosmotic 
effects which can be induced in corpuscles of the primary order, 
and by which their true cellular character can be shown. By 
the passage inwards of liquid the capsule, which is usually 
closely applied upon the nucleus, becomes distended, and its 
presence demonstrated. 122 are primary coi-puscles from the 
spleen of the pig, 123 from its lymphatic glands, and 124 from 
the thyi'oid of the calf. 
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PLATE XVn. 

Photograph 126. — White blood corpuscles in their usual 
spherical state in the absence of amseboid motion. They are 
somewhat stained with haemoglobin. The red corpuscles have 
been washed away by J per cent, salt solution. (Compare with 
Photograph 2, Plate II., in which they are less magnified, but are 
whiter and more irregulai* in form.) 

Photo9^"aph 126. — Primary lymph corpuscles from the 
spleen of the pig, swollen and enlarged by being brought into 
contact with more limpid animal iiuids than those in which they 
are usually found (liquor lymphae). The nuclei swell up in 
such cases and continue to fill up the body of the cell. The 
action differs therefore from -that depicted in Photographs 122, 
123, and 124, Plate XVI., in which the cell wall simply is 
distended. 

Photograph 127. — The same white corpuscles as seen in 
125, reduced in size and approximated in appearance to primary 
lymph corpuscles by diluting their normal plasma with \ 
per cent, solution of sodiimi chloride. The clear edge has given 
place to a thick, dark outline. 

Photograph 128. — Uninuclear stage of the white blood 
corpuscle, showing large nucleus stained with phosphene, which 
photographs of a dark colour. 

Photograph 129. — Multinuclear white corpuscle in process 
of formation by division of the nucleus of the uninuclear variety. 
The feint bodies with dark outlines are decolourised red discs. 

Photograph 180. — Example of binuclear white corpuscle, 
with nuclei fully developed, or nearly so, stained with 
phosphene. 

Photograph 131. — Unstained examples of multinuclear 
white corpuscles, to which red corpuscles are adhering. They 
contain three or four nuclei. 

Photogi'aph 132. — Example of a white corpuscle, the 
capsule of which, and great parb of the protoplasm, has 
become dissipated and the nuclei greatly swollen under the 
action of saline aniline blue. Scarcely anything is now left but 
four greatly extended nuclei. 

Photograph 133. — Three white corpuscles adhering to each 
other, and also to modified colourless discs. On the surface of 
these corpuscles a crumpled pellicle or membrane is visible, 
which in one case is ruptured and partially withdrawn, exposing 
the white homogenous protoplasm of the interior. 
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PLATE XYU.—fcoiUinuedj. ' 

Pliotograph 134. — White corpuscles, which are spread 
down, but the pelUcle of whicli has not been removed. On 
account of the spreading the nuclei are seen faintly through the 
envelope. 

Photograph 185. — White corpuscles and their nuclei rup- 
tured, emptied, and contracted by means of saturated solution 
of sodium chloride. The bodies in the background are 
decolourised red discs. 

Photograph 136. — Protoplasm of the white corpuscle in a 
granular state stained with aniline scarlet. The nuclei have 
remained unstained. 



Plate XVUl. I.'auite of liicmcaHhi, AnnuUition. 









PLATE XVIII. 

*Eotograpli 137. — Masses formed by the ftision together of 
iolonrless discs, fixed with osniic acid sohitiou, and siibaeqiieutly 
gre&ted with water. They absorb the water, expand and annu- 
,, the substance is drawn to the edge, whtcl^ becomes 
iaised and thickened. Stained with aniline brown. The dark 
a tlie interior are adhering red discs. 

Photogiiiph 138, — The extreme operation of the effect 
■q progress in 137. The masses have been converted into 
perfect rings of regular and uTegiilar shapes. 

Photograph 139. — Red corpuscles, slightly fixed with weak 
tannic acid, undergoing conversion into rings, and which, being 
Iherent at their circumference to each other, give the 
■appearance of chain-mn,it. 

Photograph 140.— Young colourless and partly-coloured 
I undergoing annulation after being influenced by osmic 
Kid in solution. 

Photograph 141. — Redcoi'puscles lying side by side and be- 
soming fused together, and their natural biconcavities becoming 
' ' ill complete perforation occurs, and circular holes are 
a the fused mass. 

Photograph 142. — Fibres resulting from the breaking of 
ige, such as are seen iu 138. 

aphs 143 and 145. — Appearances produced by 
annulation when a minute portion of fat or oil is placed upon 
the sar&ce of clean water. 

Photograph 144. — Myelui rings, produced by spi-eadiug 
myelin upon a glass-slide in a very thin film, and, after placing 
over it a cover- glass, nmning in f per cent, solution of sodium 
chloride. 

Photograph 14fj. — Myelin rings and biconcave discs, 
>rmed in the same manner as in 144. These products may 
compared with the altered forms of the blood coi'puscles 
seen m 138 and 140. 

Photograph 147.^MyeIin foi-ms, which contain among 
them shapes which ai'e comparable with the blood shapes seen 
1.111 Photograph 118. 
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Photograph 149. — Colourless, eleni'-boi'dered, uiicleated 
cells of embryo blood, lying among reil dinaa and opaque, 
granular, white coi-puscles. 

Phntogi-aphs IflO and 161. — Nucleated coipiiscles from 
embryo blood, showing all shades of coloiu* between tbe 
colourlesB ones seen in 149 and tbe full red iincleated 
corpnacle ; also the gradual diminution of Bize of the latter, 
and apparent atrophy of tlieh- nuclei in the pi-ocess of red diso 
fonuation from red nucleated cells. 

Photograph 152.^This specimen shows the oleoi'-bordered, 
coloiu'lesB, nucleated eoipuacles of the blood of tbe embryo in 
process of development from a body in all respects similar to 
a primary lymph coi-puacle. one of tbe snmxea of which aeema 
to be the spleen of the embrj-o. 

Photograph 153. — Colourless, clear-bordered, nucleated 
cells in process of development in tbe spleen pulp of the 
embryo. The dark corpuscles are contaminations from tbe 
blood. In some of tbene red corpuscles a trace of tlie nucleus 
is still apparent. 

Photograpli 154. — Bone-marrow from the rib of human 
embryo, abowiug nucleated corpuscles in all stages of develop- 
ment and colour, from the oleai'-bordered coloui-less to the full 
red ones, also their diminution of size, and apparent disappear- 
ance of nuclei prior to conversion into red discs. 

Photograpii 155. — Bone-marrow from another rib of the 
same human embryo as 154, showing the were iiimlf by which 
red discs are formed at a late period in the embryo bone- 
marrow by tbe ilirett eoliiuration of nitvUiir hudits, which are 
the analogue of the chiiirlrss d'aen of adult mammal blood 
instead of by changes induced in red nucleated corpuscles. 

Photograph loB. — Coarsely giunular pigment cells of tbe 
embryo bone-marrow. These corpuscles are undergoing regres- 
sive change : the coarse granular protoplasm is being removed, 
and a lighter- coloured, fiuely-granulous interior body is coming 
into view. The dark masses are red & 



Photograph 157. — ^The interior nucleus which is set free 
in the embryo bone-man-ow by the dissipation of tbe onter 
envelope and of tlie coarse, dark, granular protoplasm of the 
primary pigment cell. 
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PLATE XIX.— {continued J. 

Photographs 158 and 159. — Corpuscles from the bone- 
marrow of the sternum of a full-grown adult guinea-pig. These 
photographs show the entire series of ti*ansitions from the 
coarse, dark, granular pigment cell to the fully-developed red 
nucleated corpuscle. The dark, granular protoplasm disappears 
and reveals a cell which gradually attains colour, and becomes 
the red nucleated corpuscle. This in its turn undergoes 
changes which convert it bodily into a red disc. 

Photograph 160. — Red corpuscles from the bone-marrow of 
the adult guinea-pig, which simulate coloured nuclei. They 
adhere together in groups, and also attach themselves readily 
to the ordinary blood discs present. They are either cells, the 
nuclei of which are obscured by the coloming matter or free 
nuclei, like those seen attaining colour in the bone-marrow of 
the embryo at the later periods of intra-uterine life. If the 
latter view is correct, the adult guinea-pig represents in its 
bone- marrow all the processes of blood production we obtain in 
the embryo of the adult mammal. 
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PLATE XX. 
Diagram I, — Mamm/ilian Blood, 

MAJOR MODE. 

Fig. 1. Priinaiy lymph, splenic, and bone-marrow corpuscle. 

Fig. 2. Advanced lymph, splenic, and bone-man-ow corpuscle. 

Fig. 8. Colourless disc of the blood. 

Figs. 4, 5, and 6. Blood discs in various stages of colour. 

Fig. 7. Full red blood disc. 

MINOR MODE. 

Fig. 1. Primary lymph, splenic, and bone-marrow corpuscle. 

Fig. 2^. Uninuclear white blood corpuscle. 

Fig. 8 . Uninuclear white corpuscle increased in size ; nucleus 

beginning to divide. 
Fig. 4'. Further stage in division of nucleus. 
Fig. 6'. Complete division of nucleus. 
Fig. 6'. Nucleus undergoing division into three. 
Fig. 7'. Nucleus undergoing segmentation into four. 
Fig. 8'. Complete segmentation of nucleus into four. 
Fig. 9'. Liberated growing nuclei, the equivalents of the 

advanced lymph discs. These are invisible in the 

blood till they have acquired a tinge of colour in 

advance of the liquor sanguinis. 
Fig. 10'. Colourless biconcave disc. 

Figs. 11', 12% and 18'. Intermediately coloured blood discs. 
Fig. 14'. Full red disc. 

Diagram II, — Oviparous Blood,* 

MAJOR MODE. 

Fig. 1. Primary lymph, splenic, and bone-marrow corpuscle. 

Figs. 3» 8» aiid 4. Clear-bordered, colourless, nucleated ellip- 
soids in various stages of growth, as seen both in 
the blood, and in the organs of corpuscular supply 
(spleen, bone-maiTow, etc.) 

Figs, o, 6, and 7. Nucleated ellipsoids obtaining colour in the 
blood. 

Fig. 8. Full red nucleated blood corpuscle. 

MINOR MODE. 

Fig. 1. Primary lymph, splenic, and bone-marrow corpuscle. 

Fig. 2'. Uninuclear white blood corpuscle. 

Fig. 3'. Nucleus beginning to divide. 

Figs. 4' and 5'. Further stages of segmentation, multinuclear 

corpuscles. 
Fig. 6'. Liberated nuclei (nucleolated nuclei). 
Fig. 7'. One of the free nuclei somewhat grown, and displaying 

a double membrane. 
Figs. 8' and 9'. More developed state ; nucleus and cell body 

becoming elliptical. 
Figs. 10' and 11'. Forms more developed, and becoming coloured. 
Fig. 12'. Full red nucleated corpuscle. 

* All the bodies sketched iu this diagram may be seeu photographed 
on Plate XXIII. 
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PLATE XXL 

Photographs 161, 162, and 163 are coi-puacles derived from 
the bone-marrow of the rib of tlie ox, and represent its lymphoid 
elements. In tliese elements we see the granular pigmentary 
matter clearing off, and exi){)sing a second comparatively 
smooth body, which also contains a central mass (nucleolus or 
nucleus, according as to whether we view the cell as it stood 
originally, or after tlie removal of the primarj' envelope and 
contained protoplasm). This nucleolus, or nucleus, is in its 
turn set free, and is the body which leaves the bone-maiTow and 
enters the blood as its cohmrless disc. It mav sometimes attain 
a slight tinge of colour before leaving tlie man-ow. The full 
red discs seen in these specimens are, of course, derived from 
the blood. 

Photograph 164. — Corpuscles from the bone-maiTow of the 
pig's rib. Some of the pigment corpuscles which take on the 
coarsely granular state nre here seen in their smooth condition. 

Photogi'aph 165. — Products of the bone-maiTow of the 
rabbit, showing the three kinds of coipuscles wliich spring from 
the typical pigment coll. The dark irregular masses are fused 
red corpuscles from the blood. 

Photogi'aph 166. — A specimen of bone-marrow of the ox, 
which sliows very well the disintegration and peeling off of the 
pigmentary matter, and also the nucleated or nucleolated 
character of the body which is set free. Sometimes the 
nucleolus seems to be set fi*ee by a disintegration which involves 
both capsules simultaneously. 

Photographs 167 and 168. — Examples in which the free 
nuclei which go to fomi the colourless discs of the blood are 
being set free by the simultaneous disintegration and stripping 
off of both capsules. The reactions of the saline aniline blue 
enable us to study these changes, inasmuch as when the 
specimens are fresh it stains nuclei or nucleoli only, leaving 
the capsular matter unaffected. 

Photogi'aph 169. — This specimen of bone-marrow substance 
is introduced to show that the smooth white bodies set free by 
the disintegi'ation of the capsule and protoplasm of the pigment 
cell are similar in their nature to the piimary Ijanpli coi*puscle, 
as they can be made to show by osmosis a delicate cell- wall. 
(Compare with Photogvaplis 122! 128. and 124, Plate XVI.j 
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PLATE XXL-^icontimud). 

Photograph 170. — Fresh bone-man-ow of pig, to which 
weak saline aniline blue has been added. The nuclei ah-eady set 
free, stain, and come at once into view as smooth spreading 
bodies. (The blue colour takes as white in the photograph.) 

Photograph 171. — A specimen of bone maiTow from the 
rib of the ox, showing that the body which lies in the interior 
of the dark granulating corpuscle sometimes contains more 
than one nucleus or nucleolus. 

Photograph 172. — Specimen of bone-maiTow from tlie ox, 
showing how the smooth pigment cells which give rise to the 
dark, coarsely granulated ones originate in the man-ow by 
subdivision. 
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PLATE XXn. 

Photogiaph 17S.^tSpeciineii from the boiie-n 
ruuou fowl, showing a'luiirli'M niirlaiteil eUip»miU. 
■margins are obliterated, confused, aud indistinct. 

Photc^^iph 174. — - Bone'iuarrow of fowl. The clear 

Lmargiufl of the elhpsoida have been preserved with osmic acid 

feohitiou, aud the nuclei aud extreme edges of the cells, which 

now slightly graiiulai', have been stained with fiisohine. 

Photograph 176.- — Bone-man-ow of fowl, showing the 

tendency which the nuclei of these eUipsoida have to swell and 

fill up the margiiiii. This action is seen more excessively in 

Photograph 176. 

Photograph 177 .^A specimen from the fowl's bone-marrow, 

^hicb, in addition to nucleated ellipsoids show the granular 

Beorpnaoles from which they are derived. They are mostly fused 

together, t^pecimens of the same corpuscles may be seen on 

photograph 174. 

Photograph 178. — Coai-aely granular pigment cell of the 
le-marrow of the fowl, which liberates the nucleolated nucleus, 
m which the nucleated clear margined ellipsoid is produced. 
F^Tbe specimen is contaminated with ordinary red corj)uscles. 

Photogi'aph 179. — Spleeu pulp of the pike, showing what 
wppear to be simply a mass of nuclei, but which are in reality 
solourleEH, clear- margined ellipsoids. The red eoi-pnscles must 
B neglected. 

Photogi-aphs IBO and 181. ^Specimens showing the nu- 
BSted colourless ellipsoids, which are the final product of the 
ken of the pike. 180 was stained with a weak aqueous 
tntion of aniline brown, and 181 by a tstronger solution. The 
vA indistinct mat>s in 161 U a mass of these ellipsoidB, the 
l^iMslei of which alone are viKible. 

Photograph 182. — (Jolonrless nucleated ellipsoids tam the 
Bipleeii of the perch, stained with Bahue aniline blue, which has 
sansed the nuclei to swell a little. 

Photograph 183. — Colourless nucleated ellipsoids from the 
rpleen of the perch, the clear margins of which are melting 
Kiown and fusing, and allowing the nuclei also to come into 
■ contact, and to mn together. 

Photograph 184. — This specimen shows a few of the lym- 
phoid cells from which the colourless, clear- margined, nucleated 
Sellipsoids are developed. The smaller dark bodies are the nuclei 
F ellipsoids, tlif luai-gina of wJiicli are nbsciuvd. 
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PLATE XXin. 

Pliotograpli ISS.—Ordinai'y white corpuscle of the frog's 
blood, in the opaque, fuiTOwed, ov corrugated condition. The 
red cells must be neglected. 

Photograph 18(1. — The same body an IBS, iu a trauspareiit 
state, in which its luiiuuelear character in revealed. The 
nucleus Bhowa a slight indentation, which is the first step in the 
process of segmentation. The apecimeu shows also a free nucleus. 

Photogi-aph 187. — This specimen sliows a corpuscle of the 
same character as the one seen in 186, and another in which 
the segmentation of the nucleuft is so far advanced that three 
complete nuclei are already formed, and otliers arc in process 
of formation. 

Photogi'apli 188. — The specimen shows a multinuclear 
corpuscle in an advanced state of development. The nuclei have 
increased much iu size, and tlie body of the cell ia disappearing. 
A grown fi-ee nucleus is also present. 

Photograph 189.— Growing nuclei, which have been set 
free from a white eoi-puscle, and the exterior or capsules of 
which ai-e becoming thickened prior to separating into two 
distinct layers. 

Photogi-aplia 190, 191, 192.— These specimens show how 
the cellular body is developed about the uucleus by the forma- 
tion or separation of an external wall. In most cases the 
uucleus becomes ovoid, and the cell then takes on an elliptical 
form. Home of these corpuscles get colour before they ai'e much 
gi-own. 

Photograph 198.— Bodies whidi look hke naked nuclei 
from the blood of the Triton, but which aie ui leahtylaige 
elliptical coiY'iscles, having colourless cleai maigmn. winch are 
invisible iu tlie serum. These bodies are derned in the state 
in which they appear in the blood fiom the spleen and bone- 
mariBW. 

Photogi'aphs 194 imd 196. — These coi-puscles arc the same 
as those described in 193, but they have been stained with 
fuschine, which has dyed the nuclei deeply and the clear 
margins just sufBciently to enable them to be photographed. 
The two bodies, with crampled capsules showing a radiating 
appearance around the nucleus, are oi'dinary red corpuscles, 
which have been decolom-ised by the staining fluid. The 
difference between these and the corpuscles whose cellular 
bodies are, under ordinary circumatances invisible, is suf&ciently 
obvious. The latter kind of corpuscle exists in all ovipara, and 
represents in them the major process of blood-making. It ia 
the andoyuf of the colourless disc of the mammal blood. 

Photograph 196. ^Micrometer scale divided into 10 and 
20,000ths of an inch, magnified like the objecta iu the speci- 
meni^, 500 diameters, 
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APPENDIX. 



ON THE CLAIM OF PROF£SSOK BIZZOZERO TO THE DISCOVERY OF 
THE FIBRIN-FORMINO CORPUSCLE OF THE BLOOD. 

On the 14th of January, 1882, a paper by Professor 
Bizzozero, of Turin, bearing the title ** Ueber einen neuen. 
Foi-mbestandteil des Saugetierblutes, und die Bedeutung 
desselben fiir die Thrombosis und Blutgerinnung Ueberhaupt," 
was published in the ** Centralblatt fiir die Medicinischen 
Wissenschaften " as an original communication. 

This was followed by a leader in the ** Lancet " of 
January 21st, headed ** A New Blood- Corpuscle," in which the 
claims of Bizzozero wcue brought prominently before the English 
scientific public. This leader called forth two letters in the 
next issue of the "Lancet" (Jan. 23, 1882), one from Dr. Eichard 
Neale, and one from myself. On February 9th, at a meeting 
of the Birmingham Philosophical Society, Dr. Heslop drew the 
attention of the members of the Society to the singular coinci- 
dences in the statements made by Professor Bizzozero to 
those which were contained in the author's papers published 
in the Transactions of the Society in 1878 and 1880, the 
years of Dr. Heslop's presidency. At this meeting a resolu- 
tion was passed, ordering Dr. Heslop's abstract to be 
placed upon the minutes of the Society, and requesting the 
Council to transmit a copy of it to the President and Council of 
the Royal Society and to the leading scientific periodicals. 
This was subsequently carried out. In the meantime Professor 
Bizzozero had published a further communication m the issue 
of the ** Centralblatt " of March 10th, bearing the title 
** Die Blutplattchen der Saugetiere und die * Invisible Cor- 
puscles,' von Norris," in which he replied to the letters of 
Dr. Richard Neale and myself in the ** Lancet "of January 
.23, 1882. 

On March 18th a second leader appeared in the 
" Lancet," under the heading of ** Norris and Bizzozero," in 
which the abstract received from the Philosophical Society was 
acknowledged, and the various letters on the subject adverted to 
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As the properties which Bizzozero ascribes to the corpuscle 
he has seen are precisely those which long ago I published as. 
being possessed by the corpuscles which I have designated the 
fugitive group of discs, it follows that either Bizzozero's corpuscle 
belongs to this series, or that it is an independent one, having 
the same properties as these possess. To determine this point 
I have examined the blood under the conditions present in 
Bizzozero's experiments, and have communicated my conclu- 
sions to the ** Lancet " in a paper published in its issue of 
April 8th, 1882, which will be found on page 250 of this 
Appendix. 

The reader is now in possession of the whole of the evidence, 
and to his unbiassed judgment the decision must be left. 



iJEBER EINEN NEUEN FORMBESTANDTEIL DE8 
'SAUGETIERBLUTES, UND DIE BEDEUTUNG 
DESSELBEN FtJR DIE THROMBOSIS UND BLUT- 
GERINNUNG UBERHAUPT. 

• • ^^^ 

VoRIiAUFIGE MiTTEILUNO VON. PrOF. G. BiZZOZERO IN TuRIN. 

'* Beobachtet man unter starker Vergrofserung den Blut- 
kreislauf in den kleinen Gefafsen der Saugetiere.(im Mesen- 
terium chloralisii-ter Kaninchen oder Meerschweinchen), so 
gelangt man bald zu dem unerwarteten Ergebnisse, dass darin, 
aufser den roten und farblosen Blutkorperchen, noch ein drittes 
Formelement circulirt. Dasselbe wird dargestellt durch sekr 
blasse, farblose, ovale oder runde, scheiben- oder linsenformige 
Plattchen, von drei- bis zweimal geringerem Durchmesser als 
die roten Blutkorperchen und regellos unter diesen zerstreut 
circulirend. — Wenn diese Gebilde den vielen Forschem, die 
sich mit der Beobachtung des circulirenden Blutes beschaftigt 
haben, entgangen sind, so scheint dies an mehrfachen 
Umstandeu zu liegen, und zwar : a) an der Fai'blosigkeit und 
Durchsichtigkeit der Plattchen : b) daran, dass sie viel spar- 
licher sind als die roten, und minder sichtbar, als die weifsen 
Blutkorperchen, weshalb nur die beiden letzteren Formen die 
Aufmerksamkeit des unvorbereiteten Beobachters auf sich 
Ziehen ; c) auch wohl an dem Umstande, dass bei den 
Saugetieren die directe Beobachtung der Blutstromung in den 
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kleinen Gefafseu mit grofscren Schwierigkeiteu verbunden ist 
und daher solche Untersuchungen meisteus nur an Kaltblutem 
vorgenommen wui'den. 

*' Die Plattchen sind auch in ganz frisch entzogenem Blute 
sicbtbar ; sie erscheinen grofsenteils gehauft um die farblosen 
Blutkorpercbeu, oder steigeu in die oberen Scbichten der 
Fliissigkeit auf, wo sie sicb an das Peckglascben anlegen. — 
Diese Pl&ttcben sind es, die in dem friscb entzogenen Blute 
dnrch ibre rascbe Alteration iind Verunstaltnng ein korniges 
Ausseben gewinuen und so jene Korncbenbaufen erzeugen, die 
bereits von sn vielen Histologen im Blute bescbrieben worden 
sind. 

*'Ihircb geeignete Beagentien kann aber die Form der 
Plattcben unverandert erlialten und diese letzteren selbst einer 
langeren Beobaclitung zuganglicb gemaclit werden ; z. B. 
mittels einer durcb Metliylviolet gefarbten indiflferenten 
Kocbsalzlosung, welclie audi den Vorzug gewabrt, sowohl die 
roten, als audi die farblosen Blutkorperchen wolil zu erbalten. 
Beim Menscben, wo die Blutplattcben sicb sebr leidit alteriren, 
empfieblt sicb zu ibrer Untersucbung folgendes Vei*fahren : 
Man sticbt einen Finger an, bringt auf die Stidiwunde einen 
Tropfen von der obigen Kocbsalzlosung und lasst dann durcb 
Zusammendriicken des Fingers ein Tropfclien Blut bervor- 
quellen, das nun unmittelbar in Beinilirung tritt mit der Losung 
und nacb geboriger Durclimiscliung mit derseiben zur mikros- 
kopiscben Untersucliung verwendet wird. — Die scbonsten 
Plattcben erlialt man vom Meerscbweincben. 

*'Zur Zeit bin icb nicbt in der Lage, etwas Positives iiber 
die Herkunft der Blutplattcben auszusagen. Jedenfalls aber 
spricbt Nicbts fiir die Ableitung derseiben von dem Zerfalle der 
farblosen Blutkorperchen ; denn die Plattcben besitzen eine 
typiscbe Form, und im Inlialte der farblosen Blufczellen finden 
wir keinen Bestandteil, der ibnen einigermasfsen gleicbt. 

** Der Vergleicb zwisdien dem entzogenen und dem circu- 
lirenden Blute lost die bislier offen gebliebene Frage von den 
sogenannten Korncbenbaufen des Blutes, die von den meisten 
Autoren als wahre, von dem Zerfalle der farblosen Blutkorper- 
cben berriibrende Komcben aufgefasst werden, wabrend Andere 
(wie z. B. Hayem) sie von der Umwandlung eigener, im Hlute 
praformirt entbaltener Plattcben ableiten. — Nun bandelt es 
sicb in der Tat um Plattcben. — Dodi bat Hayem in Betreflf 
ibrer Praexistenz nur eine Hypothese ausgesprochen, da er nicbt 
das circulirende Blut der Saugetiere untersuclit hat. Auch 
beschrieb und deutete er die Plattcben irrtiimlich, indem er sie 
als biconcave Scheibchen schilderte und fiir Elemente hielt, die 
zu roten Blutkorperchen sicb zu verwandeln bestimmt waren, 
weshalb er sie mit dem Nameii Hamatoblasten belegte. 
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Indessen bestehen die besagten Gebilde aus eiiier vom Stroma 
der roten Blutkorperchen sehr verschiedenen Substanz und 
enthalten niemals Hamoglobin. 

" In Zukunft also wird man bei dem Studium der Functionen 
und der Alterationen des Blutes stets auch diesen constanten und 
reichlich vertretenen neiien Formbestanteil mit in Betracht 
Ziehen miissen. Die Wichtigkeit desselben erhellt mir schon 
jetzt sowohl aus seiner numerischen Zunahme bei vielen krank- 
haften Zustanden (wie z. B. nach dem Aderlasse), als aus den 
Beobachtungen, die ioh hieriiber bei der Thrombenbildung und 
bei der Gerjnnung des Blutes gemacht babe. 

** Waszunachst die Thrombosis anlangt, so biiden die Blut- 
plattchen den iiberwiegenden Bestandteil des weifsen Thrombus 
der Saugetiere, indem sie jene kornige Substanz abgeben, die 
man zwischen den farblosen Blutkorperchen vorfindet, und 
bisher vom Zerfalle dieser letzteren oder von der Gerinnung des 
Faserstoffes abzuleiten pflegte. 

" Hinsichtlich der Gerinnung des Blutes fallt wahrscheinlich 
den Plattchen jene Eolle zu, welche Mantegazza und A. 
Schmidt den farblosen Blutkorperchen zuschreiben. — Schon 
ScHULTZE, Eanvier, Hayem u. A. liatten bemerkt, dass die 
netzartig verbundenen Fibrinfaden in einem gerinnenden 
Blutstropfen oft in den oben erwahnten Kornchenhaufen zusam- 
menlaufen und schlossen daraus auf einen Zusammenhang 
zwischen diesen Komchen und der Fallung des Faser- 
stoffes. Hayem ging noch etwas weiter und fand, dass^einige 
Fliissigkeiten, welche die Blutgerinnung verzogern, die Form 
seiner ** Hamatoblasten " unverandert erhalten. — Nach A. 
Schmidt wird die Gerinnung des Blutes durch die weissen 
Blutkorperchen bedingt ; ja es sollen eben diese letzteren durch 
ihren massenhaften Zerfall die erwahnten Kornchenhaufen 
erzeugen, und so zu einem grofsen Telle das Material, woraus 
der Faserstoff besteht, liefem. 

Meinerseits bin ich dm*ch folgende Griinde zu der Annahme 
veranlasst, dass es nicht die farblosen Blutkorperchen, soiidem 
die Blutplattchen seien, die den Ausgangspankt der Gerinnung 
abgeben : 1) Habe ich mich nie von jenem massenhaften 
Zerfalle der farblosen Blutkorperchen, wie er von A. Schmidt 
angenommen wird, iiberzeugen konnen. Denn audi im circuli- 
renden Blute der Saugetiere sind die weifsen Blutkoi'percheu 
nui' sehr spaiiich vertreten, imd bei Erzeugung einer Blittung 
habe ich (vorausgesetzt, dass das ausfliefsende Blut in einer 
indifferenten Fliissigkeit aufgefangen wurde) nie vermocht, unter 
meinen Augen die farblosen Blutkorperchen zerfallen zu sehen. 
Giebt es aber auch einen kleinen Unterschied in dem 
numerischen Verhaltnisse zwischen farblosen und farbigen 
Blutkoi-percheu in- und ausserhalb der Gefafse, yo erklart 
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sich derselbe daraus, dass die farbigen leicbter, als die 
farblosen durch die Gefafswunde austreten. — 2) Wenn man 
eiu soeben entzogehes Bluttropfchen beobachtet, so zeigt 
sich, dass die Zeit, binnen welcber es darin zur Gerinnung 
kommt, dem Zeiti*aume entspricbt, iunerbalb dessen die 
Blutplattchen der Entartuug anbeimfallen. — Die Fliissigkeiten, 
welcbe die Gerinnung verspaten oder verbindem (z. B. Losungen 
von koblensaurem Natron oder scbwefelsaurer Magnesia) ver- 
bindem aucb, so weit icb bisber geseben, die kdrnige Vei-wand- 
lung der Blutplattchen. Eine indifferente Kochsalzlosung 
bewahrt die Plattchen nicht, wahrend es eine eben solche, aber 
durch Methylviolett gefarbte Losung wohl tut ; nun gerinnt 
aber das Blut in ersterer binnen einer Viertelstunde, wahrend 
icb es in der methylvioletthaltigen Losung nach 24 Stunden 
noch ungeronnen fand. — 3) Fasst man eine Blutgefafsstrecke 
beim lebenden Tiere zwischen zwei Ligaturen, so bleibt das 
darin enthaltene Blut stundenlang fliissig, und wahrend dieser 
ganzen Zeit bewahren die Blutplattchen darin ihre charak- 
teristische Form ; wahrend in dem dem Einflusse der Gefafs- 
wand entzogenen Blute des Aderlasses sie in weniger als einer 
Minute der Entartung unterliegen. — Wenn man Blut mit 
Zwimfaden schlagt, aber bevor die Gerinnung eingetreten, die 
Faden berausziebt (beim Hundeblute, wenn es in 0,75 proc. 
NaCl-Losung aufgefangen wurde, muss dies z. B, schon nach 
45 Secunden geschehen) und sie dann in eine, die Bluttplattchen 
conseiTirende Fliissigkeit eintaucht,so zeight die mikroskopische 
Untersuchung, dass nur sebr wenige farblose Blutkorperchen 
an den einzelnen Faserchen der Faden haften geblieben sind ; 
diese letzteren aber von einer dicken Schicht Blutplattchen 
(welcbe viscos geworden und sich dalier an den Zwirnfasern 
festgeklebt haben) iiberzogen sind. — Dauert das Schlagen 
langer, so entarten die Plattchen und bleiben in den Faserstoff- 
schichten stecken. 

Es ergiebt sich also, dass, wahrend die weifsen Blutkor- 
perchen beim Eintritte der Gerinnung keine merkliche Veran- 
derung erleiden, die Blutplattchen dagegen sich dabei sebr 
erheblich alteriren ; dass ferner der Faserstoff sich gerade dort 
niederschlagt, wo sich die Plattchen anhangen ; dass endlich 
die Mittel, welcbe der Entartung der Blutplattchen eutgegen- 
wirken, zugleich auch die Blutgerinnung verzogern oder 
verbindem. Dies AUes zusammengenommen, macht es mehr 
als wahrscheinlich, dass die Gerinnung des Blutes unter dem 
directen Einflusse der Blutplattchen stelie. 
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A NEW BLOOD-CORPUSCLE. 



From the '* Lancet^*' January 21«t, 1882, 



The discovery of a new and important constituent of the 
mammalian blood has just been announced by a distinguished 
investigator of blood formation — Professor Bizzozero of Turin. 
This new element is not the same as the invisible corpuscle of 
Norris, but presents nevertheless somewhat similar characters. 
If the course of the circulation is watched in the small vessels 
in the mesentery of chloralised rabbits and guinea-pigs, there 
are seen, besides the ordinary red and pale corpuscles, third 
elements — very pale, oval, or round disc-shaped or lenticular 
bodies, one-half or one-third the diameter of the red corpuscles, 
among which they are scattered. *• Blutplattclien," Bizzozero 
proposes to call them. They have hitherto escaped notice, 
probably because they are so colourless and translucent, less 
numerous than the red, and less visible than the white cor- 
puscles ; and on account of the difficulty of observing the 
mammalian blood in the course of the circulation with a liigh 
magnifying power. They are to be observed also in freshly 
drawn blood, for the most part aggregated around tlie colourless 
corpuscles, or, ascending to the upper layer, they adhere to the 
cover-glass. They change, however, with great rapidity, rapidly 
become granular, and appear to be the source of the small 
granule masses which have been described by many observers. 
The corpuscles can be preserved unaltered in form for more 
prolonged examination by certain reagents, as, for instance, by 
a solution of chloride of sodium tinted with methyl- violet. They 
are to be found also in human blood, but they undergo altera- 
tions with extreme rapidity, and the best method of observing 
them has been found to be by placing a drop of the above solu- 
tion over the puncture, and then squeezing the blood out, and 
immediately examining it under the microscope. 

Bizzozero has been unable as yet to ascertain anything 
regarding the origin of these elements. It is exceedingly 
improbable that they are in any way derived from the ordinary 
colourless corpuscles, because they possess a very definite and 
characteristic form, and the leucocytes contain no element 
from which these objects could be derived, A comparison 
between the blood in the vessels and out of the body thus clears 
up the origin of the granule heaps, which some regard as pro- 
ducts of the destruction of leucocytes, and others, as Hay em, 
ascribe to changes in peculiar flat corpuscles. The latter view 
is undoubtedly correct, although Hayem does not seem to have 



cibseixed tlie>*e ol^moiits in tbt* oiivnlfitiiiv' Hlt>«\d. mdoi^ ho 
describes them a* hicAnc4i>v Aisc^ wliioli «i^ tmnsfonnM into 
red oarpnddes, and calls thoni ** hn^matoblastg." Tbo ohj^H'tN 
regarded by Bizzozero as Uio source of th^" ^^nnlo8 ix>si^m^ no 
stroma, and never contain hftntt^lobin ; they diifer theivfoi*e 
from the hftmatoblasts of Havem. 

The new elements seem to play an imix^rt^ant imit in the 
functional alterations of the blood. They aiv incix>awHl in 
certain morbid conditions — as, for instanco, aftor bloe<hu)f ^\\A 
play an important part in the pi-oduotion of thn>n\bi. Thoy 
constitute the chief pait of the white clots ni tho niamn\AliA, 
since they give rise to tho ^ran\ilar notorial which is scon 
between the pale coi'jwsclos, and which has hitherto l)oon ascrihod 
to the de^neratiitn of fibrin. In tho pmcoss of coaffiilation 
these elements ap)>oar to oxort tho inHuonc<» which has hvi^w 
iittributod by Manto<:^)zza and Schmidt to tijo colt>ml<^H» cor- 
puscles. Schultz, Knnvior, llayom, and otiiors, linvo notoil 
that the reticulate<l threads of fibrin often prosent at thoir 
junction these groups of gnuuUos, and lionco inferred tliat. tin* 
latter were produced by tlie degeneration of tlu» fibrin. Ilayeni, 
however, found that certain fluids whidi hinder coagidaiion 
preserve imchanged tho fonu of his ** luonmtohlaHts." It will 
also be remembered that A. Schmidt assorted that the cimgttla- 
tion of the blood is effected by tlie white corpuscles, wliicli by 
their destruction yield the granules, and so constitttte a con- 
siderable part of tlie substance of the clot. Hizzo/eni, boweVf»r, 
now iu*ges that tho formation of the clot is dtie, not to the 
white corpuscles, but to these new olements. He has never 
been able to satisfy himself of the wholesah> d(fHtruction of white 
corpuscles assumed by Schmidt. Jjeucocytos are comparatively 
few in the circulating blood, and ho could nev«'r observe nny 
destruction of them aftor the blood was drawn, provided it was 
mixed with an indifferent fluid, such as a saline solution. Tho 
time at which coagulaticm occurs in a given drop of blood corre- 
sponds closely to that at which thesf! n(!W (denif^nts present ilie 
dlegenerative changes. The fluids which retard or prevent 
coagulation — solutions of carbonate; of soda or of sidpliMie of 
magnesia, for instance— also hinder the grarnilar transformation 
of the new corpuscles. The indifferent solution of chloride of 
sodium does not preserve them, but one to which nietbyl- violet 
has been added does so. With the former the blood coagidat/i's 
in a quarter of an hour, with the latter it remains li^piid for 
twenty-four bourn. If a vessel of a living anirriHl is included 
between two ligatures, the blood within it remains li/piid for 
lionrs. and during the whole time tiiese elements preserve their 
eiiaracteristic form, although in bk>orl outside the veswds they 
nndergo degeneration in a few minutes. If blmxl is •• wliipperl" 
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and the fibres employed are withdrawn before coagiilation com- 
mences, and are then immersed in a liquid capable of preserving 
the new elements imaltered, it will be found that they ai-e 
covered with a thick layer of the new elements, among which 
are very few white corpuscles. If the whipping has been con- 
tinued longer, these elements are found to have undergone 
degeneration and to remain on the layer of fibrin. From these 
facts it follows that whereas the ordinary white blood corpuscles 
present no notewoi-thy changes at the commencement of coagula- 
tion, these new elements are considerably altered, and where 
they adhere, there the fibrin is deposited, and, finally, that all 
agents which hinder their transfoimation retard also the coagula- 
tion of the blood. The evidence is thus very strong that this 
coagulation-^that is, the formation of fibrin — takes place under 
the direct influence of these corpuscles. 



THE NEW BLOOD-CORPUSCLE. 

To the Editor of The Lancet. 

Sir, — In a leader of youi* issue of the 21st instant -you 
bring before the notice of your readers certain recent observa- 
tions made on the blood by that distinguished investigator, 
Professor Bizzozero, of Turin. This author has seen in the 
cii'culatiiig blood in the mesentery of the rabbit and the guinea- 
pig certain third elements, which are neither the white nor the 
red corpuscles, and which he describes as ** very pale, oval, or 
round, disc-shaped or lenticular bodies, one-half or one-third 
the diameter of the red corpuscles among which they are 
scattered." These, it is said, have hitherto escaped notice, 
• ' probably because they are so colourless and translucent, and 
less numerous than the red and less visible than the white 
corpuscles." These bodies can also be observed in freshly drawn 
blood ; they aggregate around the white corpuscles, or, 
ascending to the upper layer, adhere to the cover glass. They 
have also a great tendency to change and become granular, 
and give rise to the granular masses which have been described 
by many observers. These coi'puscles can be more or less 
perfectly preserved by a solution of sodium chloride, tinted 
with methyl-violet, and the best method of obseiTing them has 
been found to be by placing a drop of the solution over the 
puncture and squeezing the blood into it and examining 
immediately under the microscope. Bizzozero has not ascer- 
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tained anything as to the ongin of these elements. These 
bodies and the granules they give rise to are, however, con- 
sidered to have an important relation to the formation of iibrin. 

You say — ** This new element is not the same as the 
invisible coi'puscle of Norris, but presents, nevertheless, some- 
what similai' characters." This statement, though partially 
correct, is very misleading. While it is obvious that Bizzozero 
cannot have seen in the blood a corpuscle which is inrisihU, it 
must not be overlooked that my discovery is not simply that 
of an invidble corpuscle, but of a graduated series of corpuscles, 
the youngest members of which possess no haemogoblin, and 
are, under noimal conditions, invisible in the blood, while the 
oldest and most advanced possess just enough tint to make 
them contrast slightly with the liquor sanguinis, and therefore 
to be visible. This series of coi'puscles I have designated the 
'* fugitive group," to distinguish them from the ordinaiy red 
discs, which are more permanent, and also to indicate their 
characteristic tendency to undergo disintegration, and to form 
fibrin when the blood is shed. The barely visible corpuscles 
of this group are the ** very pale, oval, roimd, disc-shaped or 
lenticular bodies " recently seen in the circulating blood by 
Bizzozero. 

The title of my paper on the blood read to the Philosophical 
Society of Birmingham, on November 14tli, 1878, runs as 
follows : — ** On the Existence in Mammalian Blood of a 
Morphological Element, which explains the origin of the red 
disc and tlie formation of fibrin." After giving many methods 
by which the existence of this corpuscle can be demonstrated, I 
conclude as follows : — 1. That there exist in the blood of 
mammalia, in addition to the well-known red and white 
corpuscles, colourless, transparent, biconcave discs of the same 
size as the red ones. 2. Between these two kinds of biconcave 
discs others are demonstrable, having every intenuediate 
gradation of colour. To get at the real size and form of these 
corpuscles it was necessaiy to use various means of preservation, 
for, on account of their liquidity and extreme susceptibility to 
change, they often present themselves as small spheres, at 
other times as discs, and at others, liquid-like, take the shape of 
the interstices in wliicli they happen to lie. They are also prone 
to separate readily into smaller portions, and to granulate and 
form masses. All this I liave explained in detail in my papers. 
That I knew the power of sodium chloride to preserve these 
corpuscles is seen in the following : — *' It is well known that 
the coagulation of the blood can be entirely prevented by 
means of saturated solutions of neutral salts. I h^,ve ascer- 
tained tiiat this is due to the power of these substances to 
maintain the integrity of the inrhihie and mhenumsed corpnsclesj 
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which is the tru^ fihrin stroma,'' In a footnote to this passage I 
make the following statement : — '* The discovery of a third 
corpuscle has thrown great light on the question of the coagu- 
lation of the blood, and of fibrin formation generally. To avoid 
complication, this subject will receive separate treatment. It 
may, however, be briefly stated here that on the basis of their 
behaviour when the blood is shed the biconcave discs are 
divisible into two groups — a fugitive and a permanent group — 
and that the changes which take place in the former determine 
coagulation. It is not a little singular that Bizzozero follows 
the same mode of staining these corpuscles." I say — ** Place 
upon the end of the finger a small drop of the staining fluid 
(saline-aniline-blue), and with a needle prick the finger through 
this drop, so that the blood may, when the finger is squeezed, 
flow directly into the liquid, which has the double property of 
preserving and staining." I had also observed the tendency of 
these corpuscles to adhere to the cover-glass, and, when 
speaking of their specific gravity, said: — ** Like the white 
coi-puscles, they are Ivjhter than the red, and liave a tendency 
constantly to rise to the surface of the blood, consequently the 
largest numbers are always seen to attach themselves to the 
upper ifhtas in preference to the lower, especially if time be 
allowed them to rise. This, no doubt, has something to do 
with the huffy voat.'^ 
. Many more facts might be mentioned ; but enough has 

been said to show that my discoveries, made in 1877 and 
published in 1878, cover the whole ground, and that the recent 
researches of Bizzozero cannot be regarded in any other light 
than as a most important and valuable confirmation of my 
views. 

I am. Sir, yours faithfully, 

EICHARD NORRIS, M.D., F.R.S.E. 
Birmingham, Jan. 28rd, 1882. 



T(f the Editor of The Lancet. 

Sir, — In your journal of Januaiy 21st, p. Ill, you refer to 
Professor Bizzozero's researches on the blood, and state that the 
'* Blutplattchen " he has recently discovered are likely to lead 
to important results. In the Medical Times and (razettey April, 
1854, p. 430, you may find described a number of examinations 
of the blood of goitrous patients, and therein what appear to me 
to be bodies identical with those now brought under notice by 



Professor Bizzozero. 1 remember tbinkiii<? at tlie time the 
observatious were worthy of notice, but they did not seem to 
strike anyone else in the same light, so that now, after a lapse 
of twenty- seven years, I am gratified by seeing them reintro- 
duced under foreign patronage. 

I am. Sir, yours, &c., 

EICHAED NEALE, M.D., Lend. 

Boundary Boad, South Hampstead, N.W., 

Jan. 28rd, 1882. 
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yote on the Vajtem hj Dr. Norris ** On the Decelupment of 
Mamtnalum Bloody' puldvthed in the Proceedings of the 
Society [Vol. J., 1878-1879, ami Vol. II., 1879-1880), 
in relation to the ** Discovery'' amumnced by Professor 
Bizzozero. 



[Extracted from the Minutes of a Meeting of the Society held on 

February 9th, 1882.J 



Dr. Heslop, the President of the Society m the years 
1878-9 and 1879-80, drew attention to a leading article in the 
Lancet, dated January 21, 1882, which opens with the following 
words: — **The discovery of a new and important constituent 
of the mammalian blood has just been announced by a distin- 
guished investigator of blood formation — Professor Bizzozero, of 
Turin. This new element is said not to be the same as the 
invisible coi-puscle of Norris, but presents, nevertheless, some- 
what similar characters." Further on, these third elements are 
spoken of as ** very pale, oval, or round disc-shaped or 
lenticular bodies, one-half or one-third the diameter of the 
red corpuscles, among which they are scattered." Fm-ther 
details are given as to the part taken by the elements described 
by Bizzozero in the formation of granule- heaps, in the production 
of thrombi, and in the coagulation of the blood. The formation 
of the clot is declared to be due not to the white coipuscles, 
but to these new elements, which undergo alterations with 
extreme rapidity. Finally, it is averred that the best mode of 
observing them in freshly drawn blood is by placing a drop of 
a solution of sodium chloride tinted with methyl-violet over a 
puncture. The blood being then squeezed out should be 
immediately examined under the microscope. 
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The statements made in the Lancet seem to be based on a 
paper communicated by Professor Bizzozero, of Turin, to the 
♦* Centralblatt fiir die Medicinischen Wissenschaften," dated 
14th Jannaiy, 1882, and accurately reproduce in abstract the 
leading facts related in that paper. The allusion, however, to 
Dr. Norris is only to be found in the Lancet^ his name and 
researches being alike unmentioned by the Turin Professor. It 
hence appears needful to draw attention to the dates and subject- 
matter of Dr. NoiTis's remarkable papers on the blood in the 
'* Transactions of the Biimingham Philosophical Society." 

The date of Dr. Noi-ris's first paper was November 14, 1878. 
Its title was, ** On the existence in mammalian blood of a new 
morphological element which explains the origin of the red 
disc and the formation of fibrin." It is divided into three 
parts, and is copiously illustrated by photographs. In the 
first paper he alludes to the value of photography as an 
instrument of research, and speaks of its having ** detected 
the existence of corpuscles which differed so little in refractive 
power and colour from the liquor sanguinis as to be invisible 
to the eye." He was then led to foim the opinion that 
** possibly other corpuscles might exist, having precisely the 
same refractive index and actinic value as the liquor sanguinis, 
and that such would not only be invisible, but also incapable 
of being photographed." He then proceeds to describe in 
minute detail his methods of examination, and draws attention 
to the difficulties encountered in the attempt to make these 
corpuscles visible by means of stains. 1. ** These corpuscles are 
extremely fugitive in their character when the blood is shed, 
and are rendered more so by dilution of the plasma. 2. Like 
the red discs, they stain with gi'eat difficulty, so long as they 
remain submerged in the liquor sanguinis, or in saline 
solutions. 8. Substances which stain these corpuscles also 
give the same tint to the liquor sanguinis, and, therefore, the 
former still remain obscured." After alluding to the well- 
known power of saturated solutions of neutral salts to prevent 
the coagulation of the blood he says : ** I have ascertained 
that this is due to the power of these substances to maintain 
the integrity of the invisible and sub-cruorised corpuscle, which 
is the true fibrin stroma." In a note to this passage (Proceed- 
ings, vol. i., part 2, page 18,) the following words occur : — " The 
discovery of a third corpuscle has thrown great light on the 
question of the coagulation of the blood, and of fibrin forma- 
tion generally." "It may, however, be briefly stated here on 
the basis of their behaviour when the blood is shed, that the 
biconcave discs are divisible into two groups — a fugitive and a 
permanent group, and that the changes which take place in the 
former determine coagulation." At the end of this, the first 
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part of his paper, the author di*aws these two couclusions : — 
1. That there exists in the blood of mammalia, in addition 
to the well-known red and white corpuscles, colourless trans- 
parent biconcave discs of tlie same size as the red ones. 2* 
Between these two kinds of biconcave discs others having 
every intermediate gradation of colour are demonstrable." 

The title of the second part of the paper is, ** On 
the Origin of the Colourless Biconcave Disc of Mammalian 
!Blood.*' He first describes the characters of the lymph 
and splenic corpuscles, and alludes to the capacity of 
these discs to undergo conversion into smooth colourless 
biconcave discs, and considers that this ** seems to point 
definitely to the source of the colomiess biconcave discs found 
in the blood." Fui-ther on he shows the differences between 
the white corpuscles on the one hand, and the lymph and 
splenic corpuscles on the other, as regards size, colour, form, 
and structure, and then proceeds to the discussion of the 
** gi*anule sphere " (Konierkugeln). Here he shows that the 
granule balls of Semmer mainly disappear when blood is 
allowed to coagulate, ** being simply the more coloured cor- 
puscles of the fufjitive group. They melt down into fibrin 
without undergoing granulation, but when by the use of cold 
this is prevented they undergo granulation and show themselves 
as coloured granule spheres. When the coipuscles fii-st break 
up these granules are colom^ed, but they subsequently, Le, in a 
few hours, give up their colom- to the liquor sanguinis and 
appear white." Dr. Noms considered that the observations of 
Bemmer when propeiiy interpreted lend no support whatever to 
the theory which regards ** the ordinary white corpuscle of the 
blood as the preciu:sor of the red disc." He also stated his 
opinion that the haematoblasts of M. Hayem are in reality the 
granules which result from the breaking up of the invisible 
corpuscles when the blood is shed, which under these conditions 
become visible.* 

The third part is **0n the Origin of the Mammalian Bed 
Corpuscle." Here he summarises his views on the whole 
subject and declares that ** there exist in mammalian blood 
numerous corpuscles which are incapable of being seen by the 
microscope, not because of their minuteness, but owing to the 
fact that they have the same refractive index and colour as the 
liquor sanguinis in which they are submerged. When brought 
into view and carefully examined by suitable methods they prove 
to be colourless biconcave discs, and between them and the red 
biconcave discs biconcave corpuscles possessing every gradation 
of tint can be detected." The morphological elements of the 
lymphatic glands and spleen ^^ prove to he discs of the same size as 

*Vide Section lY. — "An Examination of the Besearches of M. Hayem 
on the Development of Mammalian Blood.'* 
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the red corpuscles which are gradually becommg biconcave, the 
equivalent of these in the blood, the analogues of the white cor- 
puscles of ovipara, being the invisible corpuscle and not the 
ordinary white corpuscle. Finally, the yellow and red granule 
balls of Semmer are produced by disintegrative changes in 
young, coloured, biconcave corpuscles resulting from the artifi- 
cial conditions to which the blood has been subjected, and are 
entirely absent in perfectly fresh blood. In this paper the modes 
of tinting the liquor sanguinis and of staining the invisible* 
coi'puscle are also described. Solutions of sodium chloride 
charged with a colouring matter such as haemoglobin or saffron 
are employed, and the foUowmg directions are given for the 
examination of the blood. " Place upon the end of the finger a 
small drop of the staining fluid, and with a needle pri6k the 
fingers through this drop, so that the blood may, when the finger 
is squeezed, flow directly into the liquid which has the double 
property of both preserving and staming." The invisible cor- 
puscle is stained by a saturated solution of sodium chloride to 
which carmine and solution of ammonia have been added. 

Dr. Non-is's second paper entitled " Further Eesearches 
on the Third Corpuscular Element of Mammalian Blood," was 
read to the Society on the 10th of June, 1880. It is mainly a 
criticism of objections to his observations, though new proofs 
of their accuracy are also offered, as regards both the nature ot 
the third corpuscular element and its relations to the coagu- 
lation of the blood. 

He begins by recalling attention to the fact that there 
exist in the blood of mammalia a veiy large number of colour- 
less discs which had escaped recognition. '* A colourless disc is 
now found in the blood corresponding numerically with, and 
which I shall be able to show has the properties of, a lymph 
corpuscle, and not those of a decolourised red disc, and between 
this and the fully-matm*ed red corpuscle others, having every 
intermediate shade of yellow tint, can be observed," Vol. ii., 
page 197. He states his view that the biconcave corpuscles do 
not become visible at all in the blood till they have acquired 
just that slight amoimt of colour which is necessary to enable 
them to be distinguished from the liquor sanguinis, and that 
below such barely visible corpuscles there are, therefore, 
numbers wholly invisible, and the palest of the visible order 
may, under the influence of certain causes, lose their colour 
and join the invisible group. 

Dr. Nonis considers that he is able to divide the biconcave 
discs into three sets. 1. The primary group, including the 
whole of the colourless discs, and such of the coloured as are 
less tinted than those of the secondary group. 2. The second- 
ary gi'oup of lusti'ous flickering corpuscles, barely capable of 
maintaining themselves in tlie absence of liquor sangumis, and 
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having nearly as much colour as those of the tertiary group. 
8. The tertiary group, including all corpuscles which do not 
become lustrous, and are able to maintain a distinct outline in 
the absence of the liquor sanguinis. ** These primary groups 
are often to be seen undergoing conversion into fibrin. The 
corpuscles of these groups are de facto fibrin, and the delicate 
fibres and layers which appear on glass slides are due, first, to 
the extension of these granulations into fibres, or to annulation 
of the entire corpuscle ; or, secondly, to the spreading and laying 
down of these corpuscles into films," page 214. When 
blood is completely defibrinated these corpuscles and their 
granules entn*ely disappear. In reference to the words ** these 
granulations " the author had previously drawn attention 
to one of the photographs which shows the commencing 
granulation of masses formed by the coalescence of the 
corpuscles, themselves afterwards separating into distinct 
granules. The colourless discs, however, are also converted 
into fibrin without passing through the stage of granulation. 

He shows the various characters of the corpuscles in 
respect of colour, liquidity, granulation, relation to stains, 
and specific gravity. As regards the last character it is statsd 
that, ** like the white corpuscle, they are lighter than the red, 
and have a tendency constantly to rise to the surface of the 
blood, consequently the lai'gest numbers are always seen to 
attach themselves to the upper glass in preference to the lower, 
and especially if time is allowed them to rise. This, no 
doubt, has something to do with the buffy coat.'' As regards 
granulation it is stated that while the red corpuscles rarely 
undergo granulation, these can scarcely be prevented doing so, 
and that they may be readily stained by a weak solution of 
aniline blue in a three-quarter per cent, solution of common 
salt. Dr. Norris again describes his mode of examining the 
blood in the following words : — ** If we place upon the tip of 
the finger a minute drop of saturated solution of salt, and prick 
through it so that the blood may flow directly into the saline 
solution, the refractive power of the liquor sanguinis is modi- 
fied, and it is found that if we run this mixture of salt and 
blood between glasses prepared according to the packing method 
before described, we can then see the outlines of the colourless 
discs, and the clear spaces, which have hitherto been supposed 
to consist of liquor sanguinis only are observed to teem with 
these discs." 

The paper ends with a summary of reasons why the 
invisible colourless discs cannot be regarded as decolourised red 
discs ; among the rest, because they have neither the physical 
nor chemical constitution of decolourised led discs, but of 
lymph or gland corpuscles ; moreover, the disintegrative 
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changes which take place in these corpuscles give rise to 
the formation of fibrin in the' blood ; and the fibrin which is 
formed in the lymph has its origin in similar changes in the 
gland corpuscles. 

In conclusion, it is desirable to state that a short abstract 
of Dr. Norris's first paper was given in the 9th vol., 1st part, of 
the " Jahresberichte iiber die Fortschritte der Anatomie imd 
Physiologie." The Eeports of this Society are given on page 
26 as the source of this paper ; but the immediate reference is 
to the ** Centralblatt f. Med. Wiss " Nr. 22, S 402. The abstract 
itself, on page 32, gives the more salient points of the research, 
and especially alludes to the ti:ansition-stages (Uebergange) in 
all stages of colour between the biconcave colourless discs and 
the perfect red corpuscles. 



DIE BLUTPLATTCHEN DER SAUGETIERE UND DIE 
„ INVISIBLE CORPUSCLES- VON NORRIS. 

Von Prof. G. Bizzozero in Turin. 

**Nachdem die Zeitschrift „ The Lancet** (No. 8, 21 
Januar ; meine der Turiner medicischen Akademie vorgelegte 
und in diesem Blatt (No. 2, 1882) veroflfentlichte Mitteilung 
iiber die Blutkorperchen wiedergegeben, richteten zwei englische 
Aerzte, die DD. Neale und Norris, an den Herausgeber der 
,, Lancet** zwei Briefe (No. 4, 28 Januar), woiin sie die 
Prioritat der Entdeckung fiir sich in Anspruch nehmen. 
Dr. Neale erzahlt, dass er bereits im J. 1864 im Blute kropfiger 
Subjecte Korperchen beobachtete, die ihm identisch scheinen 
mit den in meiner Arbeit beschriebenen Gebilden. Nun kenne 
ich zwar seine diesbeziigliche Original-Mitteilimg nicht, doch 
was er jetzt hieriiber schreibt, beweist zm* Geniige, dass dieselbe 
nichts mit dem Gegenstande meiner Untersuchungen gemein 
hatte. Ich habe nie behauptet, ich sei der Erste gewesen, der 
im fiisch entzogenen Blute, aufser den roten und weifsen, 
andere Korperchen gesehen hatte. Solches haben in der Tat 
schon vor mir andere Forscher beobachtet und habe ich audi 
nicht unterlassen, die Namen derselben gehorigen Orts anzu- 
fiihren. Was aber, meines Wissens, vor mir noch Niemand 
(auch nicht Dr. Neale) getan, das ist, den Nachweis zu liefern, 
dass wirklich im circulirenden Blute der lebenden Saugetiere 
aufser den roten und weifsen Blutkorperchen noch typische 
Formelemente einer dritten Art enthalten seien, als welche sich 
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eben meine Blutplattclien berausstellen, deren Eigenschaften 
icli studirt und auf deren Bedeutimg fiir die Thrombosis und 
enge Beziehungen zu der Blutgerinnung iiberbaupt ich in der 
erwahnten Mitteilung hingewiesen babe. 

** Derselbe Einwand gilt gegen Dr. Norris, der im J. 1879 
gewisse Korpercben bescbrieben bat, welcbe normal im Blute. 
entbalten, fiir gewobnlicb aber unsicbtbar sein sollen*). Aucb 
seine Angaben konnen nicbt Sticb halten gegen den Vorwurf, 
den man solcben Untersucbungen zu macben pflegt : dass 
namlicli derartige Gebilde nur Zersetzungsproducte des Blutes 
seien, die entweder der Entziebung als solcber oder der ange- 
wandten Praparirmetbode ibi-e Entstebung verdanken. — Mit 
dieser Bemerkung konnte ich fiiglicb meine Discussion mit 
Dr. Norris abscbliefsen, wenn er nicbt an einer Stelle seines 
Briefes aucb nocb darauf Prioritatsanspriicbe erbobe, die Bezie- 
hungen zwischen den angeblich von ihm entdeckten Korpercben 
und der Gerinnung des Faserstoffes berausgefunden zu haben, 
weshalb ihm meine Untersucbungen nur eine ,,most important 
and valuable conlimiation ** seiner Ansicbten abzugeben 
scheinen. Demgegeniiber sei es mir gestattet, meine Meinung 
liber den inneren Wert seiner Entdeckung auszusprechen. 

** Vor Allem £i*agt es sich, ob meine Blutplattchen identisch 
seien mit den NoRRis'schen Korpercben ? — Nach N.'s 
Beschreibung sind diese letzteren von derselben Grofse, wie die 
roten Blutkorperchen und verlieren nur in dem Maafse ihre 
sonstige Unsichtbarkeit, als sie sich allmahlich mit Hamoglobin 
anfiillen, um sich zu roten Blutkorperchen zu verwandeln. 
Dagegen besitzen meine Bluttplattchen gewobnlicb einen 2—3 
Mai kleineren Durchmesser, als die roten Blutkorperchen und 
sind nie durch Hamoglobin gefarbt. Sie sind sichtbar, weil sie 
etwas komig sind und ein etwas anderes Brechungsvermogen 
besitzen als das Blutplasma, wahrend die N.'schen Korpercben 
in gleicher Weise, wie letzteres, das Licht brechen und daher 
nur dann sichtbar werden, wenn sie sich leicht gefarbt haben. 
AUerdings konnte N. (wie er dies bereits in Betreff der 
HAYEM'schen ,, Hematoblastes ** getan) die vermeintliche 
Identitat von beiderlei Elementen durch die Annahme zu ver- 
fechten suchen, es seien die Blutplattchen ein Alterationsproduct 
seiner unsichtbaren Korpercben. Doch konnte ich diesen 
Einwand sebr leicht durch den Hinweis auf die Tatsache wider- 
legen, dass die Blutplattchen mit ibren typischen Kennzeichen 
im lebenden und kreisenden Blute, also unter ibren normalsten 
Bedingungen, sichtbar sind. 

** Diese Gegenwart der Blutplattchen im kreisenden Blute 
stellt ibr wirkliches Vorhandensein beim lebenden Tiere aufser 



* Cbl. 1880, S. 402. 
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aller Discussion. Konuen wir dasselbe von den N.'schen Kor- 
perchen aussagen ? 

** Ich las aufinerksam die Beschreibung der Methoden,welehe 
N. bei der Darstellung und Untersuchung seiner Korpercben in 
Anwendung gezogen hatte und ich wiederbolte mebrere seiner 
Beobacbtungen, micb sti'eng an seine Anweisungen baltend. 
So babe icb auf s Bestunmteste die von ibm gemeinten Gebilde 
seben konnen und bewabre die betreffenden Praparate, die icb 
Allen, die sicb dafiir interessiren, zu zeigen gem bereit bin. 
Die Ergebnisse meiner Untersucbungen lauten dabin, dass die 
von N. bescbriebenen Korpercben nicbts anderes sind als rote 
Blutkorpercben, die besonders durcb die Manipulationen beim 
Prapariren ibr Hamoglobin verloren baben und daber unter 
Beibebaltung ibrer Form und Grofse durcbsicbtig und farblos 
geworden sind, wie sie N. eben scbildert. Unter solcben 
Umstanden ist es begreiflicb, dass bei einiger Uebung in der 
Darstellungsmetbode man nacb Belieben aus ein und demselben 
Blute Praparate gewinnen kann, welcbe arm, reicb oder iiber- 
reicb sind an den fraglicben Korpercben. 

** Nacb Alle dem darf icbwobl auf s Entscbiedenste erklaren, 
dass die NoRRis'scben ,, Invisible corpuscles** gar nicbts mit 
meinen Blutplattcben zu scbaffen baben ; und scbien mir diese 
Erklarung, zur Vermeidung alien Missverstandnisses, um so 
dringender geboten, als mir daran gelegen ist, meine Unter- 
sucbungen liber das Blut recbt bald und ernstlicb von anderen 
Forscbem gepriift und bestatigt zu seben." 



NOEEIS AND BIZZOZEEO. 



From the ''Lancet,'' March 18th, 1882. 



We bave received from tbe secretaries of tbe Birmingham 
Philosophical Society an extract from the minutes of a meeting 
on February 9th, which contains a brief historical sketch of 
Dr. Norris's remarkable papers on tbe blood, which are contained 
in tbe Transactions of the Society in tbe last four years. 
Attention was called to tbe subject by Dr. Heslop, the President, 
on account of the discovery by Bizzozero of a new blood- 
corpuscle, of which we gave an account in om* number for 
January 21st. In our article we pointed out tbe resemblance 
of these corpuscles to those which have been repeatedly described 
by Norris. There appeared to be a prima facie difference 
between the two in size, and in the fact that the special 
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characteristic insisted on by Norris is that his corpuscles have 
a refracting power so nearly that ot the plasma of the blood, 
that they are invisible until brought into view by artificial means 
whereas those of Bizzozero were actually seen by him in the 
circulating blood. The closeness of the resemblance between the 
two, is, however, clearly shown by the facts mentioned by Dr. Norris 
in the letter from him which we published on January 28th, and 
by the facts mentioned in the Birmingham Society's minutes. 
It is urged by Dr. Norris that the ** new corpuscle " is only the 
** invisible corpuscle " in the fui'ther stage of development 
which he has traced, in which it undergoes such changes as to 
become visible without artificial aid.* Dr. Norris further pointed 
out that the statements of Bizzozero as to the probable share 
taken by these elements in the formation of fibrin, and the 
method by which they may be rendered more distinct by 
colouring agents, are practically identical with his own. 

To this Professor Bizzozero replies in the current number 
of the Centralblatt fur die Medicinischen Wissenschaften, He first 
alludes to the letter in which Dr. Neale refers to an early 
observation by himself of similar elements in the blood of 
goitrous patients. Bizzozero denies any intention of claiming 
to be the first to observe other corpuscles in the blood besides 
the red and the white, since such bodies have been noticed by 
many other observers, but what he believes that no one before 
himself has done is, to see in the circulating blood of living 
mammalia, besides the red and white cells, a third form of 
typical elements such as the ** Blutplattchen," to have studied 
their peculiarities, and to have established their relation to the 
process of coagulation. 

Bizzozero then asks the question: Are his ** Blutplattchen*' 
identical with the corpuscles of Norris ? The latter are described 
as similar in size to the red discs, and to lose their invisibility 
when they gradually become charged with haemoglobin in the 
process of transformation into red discs. On the other hand, 
the corpuscles of Bizzozero are usually one-half or one-third the 
size of the red corpuscles, and never become coloured with 
haemoglobin. They are visible, because they are slightly 
granular, and possess a slightly different refracting power from 
the blood-plasma. To the suggestion of Norris that the ** Blut- 
plattchen" are a product of the alteration of his corpuscles, 
Bizzozero responds that this cannot be, since the ** Blutplattchen " 
are visible in typical form in the living and circulating blood 
under its most normal conditions. He states that he has 
repeated Norris's experiments, and has seen the corpuscles he 
describes most distinctly, but believes that they are simply red 

* This is a slight misconception of my view. Vide communication 
in the " Lancet," April 8th, 1882, page 250. 
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corpuscles, which have become partially or wholly decolourised 
by the raethod of manipulation employed. This allegation we 
may faii-ly leave in the hands of Professor Nonds ; but we may 
remark that few who witnessed his brilliant demonsti*ation», 
given a few years ago at the College of Physicians and elsewhere, 
will be disposed readily to accept this explanation of the origin 
of these bodies, whatever then* nature may be. Nor does the 
objection that the ** Blutplattchen " cannot be derived from the 
mvisible coi*puscles, because they are seen in the circulating and 
noimal blood, appear altogether satisfactoiy. To the close 
resemblance between the opinions expressed by Noms and him- 
self regarding the relation of their respective coi'puscles to the 
process of coagulation, and regarding the means by which these 
elements may best be rendered visible, Bizzozero does not 
allude. 



ON THE CLAIM OF PEOFESSOE BIZZOZEEO TO 

THE DISCOVEEY OF THE FIBEIN-FOEMING 

COEPUSCLE OF THE BLOOD. 

By BICHABD NOBBIS, M.D. St. And., F.B.S.E., 

PBOFEBBOB OF PHYSIOLOGT, QUEEN'S COIiLEOE, BIRMINGHAM. 



From the ''Lancet^' April 8th, 1882. 

In a leader in ** The Lancet" of March 18th, reference is made 
to a communication by Professor Bizzozero, which appeared in 
the "Centralblatt" of March 11th, in reply to a letter of mine, 
published in ** The Lancet" of January 28th. It seems to me 
that, quite apart from all personal considerations, the question 
is one of such general and paramount interest in physiology 
and pathology, as to waiTant me in returning to the subject, 
with a view to the more complete elucidation of its existmg 
position. It is a well-known fact, of which I possess the fullest 
documentary evidence, that so early as February, 1878, 1 sought 
to secure to British physiology any credit which might accrue 
from the discovery of the fact that the existing chemical views 
of coagulation were destined to give place to morphological 
ones ; in brief, that there existed in the blood a corpuscle, the 
degenerative changes of which were competent to account for 
and explain all the phenomena of fibrin formation. I have 
traced these corpusclea, step by step, throughout the whole of 
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their changes and variations, and have photographed each 
successive divarication, till they present themselves in the 
well-recognised forms of fibrin — e.g., films, networks, embolic 
masses, &c. Now, Professor Bizzozero claims for the coi'puscles 
which he has seen the same properties which long ago I ascer- 
tained to belong to my corpuscles, nevertheless, he denies to 
me the discovery of any 7ieic body, and contents himself by 
affirming that I have mistaken decohurued discs for a new 
element of the blood. Where is the logic of this ? Will Pro- 
fessor Bizzozero maintain that, having first deluded myself, I 
have next entered into all kinds of speculations relative to the 
fibrin-forming power of this body, and that these speculations 
turn out so accurate as to render it simply necessary to discover 
the actual body to which they are related, and, by a simple 
exchange, at once to complete an important research, the final 
issues of which had been alreg-dy worked out ; for there is no 
new fact in the original communication of Professor Bizzozero, 
save that he has seen in the vessels of chloralise.d rodents a 
corpuscle with which he was not previously familiar ? It seems 
to me that the only other alternatives open are, either to admit 
that decolourised discs are the fibiin factors of the blood, or to ' 
affirm that he has also discovered in the blood another and an 
independent corpuscle, which is capable of undergoing the same 
series of changes as mine. Is not the suspicion, which has 
already occured to Professor Bizzozero, that he has come across 
one of the many transition phases of the corpuscles which I 
have described much more probable ? I entirely concur with 
him when he says : ** Above all, we must know if my blood-discs 
are identical with the corpuscles of Norris." Proceeding to 
contrast these corpuscles, he says : " The latter are, according 
to the description of Norris, of the same magnitude as the red 
discs, and lose their former invisibility only in the measure that 
they become charged with haemoglobin ; on the other hand, my 
blood-discs have generally a diameter two or three times smaller 
than that of the red corpuscles, and are never coloured by 
liflBmoglobin ; they are visible because they are granular, and 
because they possess a power of refraction differing from that of 
the plasma of the blood, whilst those of Norris refract the light in 
the same way as the plasma, and become therefore visible only 
when they are slightly coloured." He proceeds, ** Truly, Norris 
might try to defend the supposed identity of both elements on 
the supposition that the discs might be a transition product of 
his invisible corpuscles, yet I might easily disprove this sup- 
position by showing that tlie discs are visible, with their typical 
characteristics in their most normal condition in the living 
circulating blood itself." The description here given by Pro- 
fessor Bizzozero of the bodies he has obseiTed is much more 
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explicit than in his original communication, in which he said 
that the reason they had hitherto escaped notice was due to 
their being colourless and translucent, but he now adds that 
they are visible because they are granular, and because they 
possess a power of refraction differing from that of the plasma 
of the blood. We have now, to guide us in their identification, 
five things : size, form, visibility, granular character, and 
absence of colour. 

At this point it is desirable for me to state again my case, 
in a manner which does not seem to have presented itself to the 
mind of Professor Bizzozero. The question at issue is not 
whether the discs described by him are identical with my invi- 
sible corpuscles, but rather whether they belong to that series 
of discs which, on account of their tendency to degenerate into 
fibrin, I have designated the "fugitive group," some of the 
corpuscles of which are visible, others barely visible, and others 
still wholly invisible. At both ends of this group there are 
visible discs, for it includes on the one hand the advanced 
or nuclear lymph-discs, which are antecedent to the invisible 
discs, and on the other those discs which have again become 
visible by the acquisition of colour, but which are not yet 
sufiiciently stable to be included in the permanent group of 
red discs. These limitations I have repeatedly stated in my 
papers. According to my view, therefore, all the younger discs 
of the blood, some of which are colomiess and yet visible (like 
the white corpuscles, but more delicate), others of which are 
colourless and invisible, and others partly coloured, and there- 
fore visible, undergo conversion into fibrin when the blood is 
shed. Professor Hayem is well acquainted with the fact that 
bodies containing colour contribute to the formation of fibrin, 
but he has not yet realised that these bodies are fragmentary 
parts and variously modified forms of the partially coloured 
blood-discs, hence he has described them as the independent 
bodies which he designates hBsmatoblasts. I have taken great 
pains to prove that the so-called lymph-globule is, in reality, 
a disc-shaped body — a little smaller, but, at the same time, 
slightly thicker than the blood-disc, and that it consists of two 
varieties, to which I have given the names ** primary " and 
** advanced," the former being a tnie cell of about the same 
diameter as the red blood-disc, or slightly less, but having a 
greater thickness ; the capsule of this cell is intimately applied 
to the nucleus, but can easily be demonstrated by osmosis. 
The advanced lymph-disc is the delicate, naked nucleus of this 
body ; both these bodies exist in certain numbers in the blood, in 
a vmbte state, and the latter is the body which is resolved into 
fibrin in the lymph, as its derivative, the colourless invisible disc, 
is in the blood. Tliese lymph-discs are poured into the blood 
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in large niimbers, at the subclavian aud splenic veins, and for 
the moBt part, being colourleea and already smooth, enter at 
once upon the ett^e of invisibility ; bat those among them 
which are not bo peifectly elaborated remain for a time visible, 
and are at this stage colourless, , finely granular discs, slightly 
smaller than the red discs. This appears to me to foe the body 
to which Bizzozero refers, aud as it forms fibrin while still in 
the lymph, so, Afoi-tUni, when present aa one of the elements 
of the "fugitive group" in the blood, it is a fibrin-forming 
corpuscle ; but the difference between the fibrin formed by this 
body and the invisible and intermediate discs is precisely the 
difference between the coagulation of the lymph and of the . 
blood— the oue yielding, soft and granular, the other more 
homogenous, viscous, and tenacious fibiin. These bodies, for 
many years familial" to me, must have been seen by most 
obBervers of the blood, but regarded as dehcate minute forms 
of the white blood- corpuscle. It woidd indeed be a matter of 
surpnse if they could not be seen in the circulating blood when 
carefully looked for, and tlierefore the fact that " they are 
visible with their typical characteristics in their most normal 
condition, in the living circulating blood itself." is not the 
shghtest disproof of tlie view that they ai'e transition forma. 
They are, in fact, a slightly less developed stage of the invisible 
colourless disc which eventuates in the red disc, and their grad- 
ual trausfoiToation into this body may be traced both in the 
lymph aud in the blood. I have already incidentally refeiTed to 
the allegation of Professor Bizzozero, that the invisible cor- 
puscles of the blood as displayed by my methods are de- 
colourised red discs. Snch a view naturally occurs as a 
possible contingency to the mind of evei-y oue, aud it was 
the first point to the clearing up of which I seriously applied 
myself. Professor Bizzozero will pardon me for saying that 
he is nt present only on the thrediold of tliis research, and 
occupies to-day the position in which I found myself in the 
latter part of the year 1877. He seems to be unacquainted 
with my paper, published in the Proceedmgs of the Birmingham 
Philosophical Society in June, 1880. in which I deal exhaust- 
ively with this aspect of the questitm, and bring together 
numerous overwheJmiljg proofa that this facile explanation is 
altogether untenable. 

The singulai- notion that blood-discs can discharge the 
whole of their luemoglobin and become suddenly (within ten 
seconds I colourless, not ouly to the eye, but to infinitely more 
delicate tests, of a photo- chemical nature, and that, hi a serum, 
which must (if the corpuscles lose it) necessarily contain lifemo- 
globin, or, as is the case, in a senim winch has beeu purposely 
saturated with hemoglobin (derived from an independent source) 
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at tiae moment it leaves the vessels, is one entirely of modern 
growth — in fact, has been invented to meet my discovery. If 
to draw a drop of blood from the end of the finger, and to place 
it on a slide, either at the temperature of the room, or at that 
of blood or ice, and to lay dowp upon it, in the gentlest manner, 
a flexible mica-cover, is a manipulation calculated to bleach to 
whiteness some corpuscles, while leaving others and contiguous 
ones, under precisely the same conditions, absolutely unmodified, 
then certainly there is an end to all such processes as corpuscle 
enumeration with its diluents, measuring tubes, cells, etc. That 
able investigator of the blood, Professor Gulliver, who, I believe, 
was the first to inquire into the question of the decolourisation 
of red discs, favoured me in 1879 with a letter referring to my 
first paper, in which he says, " It gives me pleasure to see that 
you support my original view as to the essential difference 
between lymph-corpuscles and the pale globules of the blood (in 
reality the very point now again raised from the blood side by 
Professor Bizzozero) ; your new coi'puscle bears a great resem- 
blance to the colourless basis of the red corpuscles. I described 
and figured the * membranous bases,* and taught how to obtain 
them, upwards of a quarter of a century since, but this does not 
affect your discovery of the free and hardly seen corpuscles in 
the living blood ; indeed, if confirmed, your observation will 
have important significance." Clearly Professor Gulliver does 
not entertain the idea that corpuscles can be reduced to the 
stroma-form by the mere arrangements necessary to place blood 
under the microscope for examination. I might retort upon 
Professor Bizzozero that to examine blood-coi*puscles in a solu- 
tion of chloral or chloroform (for this is what happens with 
chloralised animals) is not nearly so noimal a condition as to 
examine them within a few seconds of being shed, from the end 
of one's own finger, in their normal undrugged plasma. Sucli 
objections raised to the simplest methods, while conclusions are 
accepted without hesitation, when it is known that the blood 
contains foreign substances capable of maintaining an animal 
in a profoundly narcotised condition for hours, seem to me, to 
say the least, ** straining at a gnat and swallowing a camel.'* 
Further, I have ascertained that it is not the three-quarter per 
cent. saHne solution alone which prevents decolourisation of 
the corpuscles, but the colloid matter which the blood contains, 
and I find that by increasing this element, by adding a Httle 
dry soluble albumen to the blood, I can prevent exosmose of 
colouring matter from the corpuscles to such an extent that no 
change in them, or in the liquor sanguinis, is obvious after a 
period of eighteen hours. The invisible corpuscles are present 
as usual. Where, I ask, is the colom* from these corpuscles 
gone to on the hypothesis that they are decolom^ised discs ? It 
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is not present in the liquor sanguinis, for this photographs as 
clear and colourless as the adjacent air-bubbles. Numerous 
other reasons are given in my paper, each one of which, even 
when taken by itself, is decisive on this question. But to return 
to the main issue, what is to be done with the cardinal and in- 
disputable fact that these identical corpuscles can be traced step 
by step into the well-known fibrin forms? In conclusion, I 
would respectfully ask Professor Bizzozero, and physiologists 
generally, to suspend judgment for a short period till my work 
on the ** Physiology and Pathology of the Blood," now on the 
verge of publication, is issued, as it contains the evidence which 
I have accumulated upon these questions during the past few 
years. 
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— natural divisions of the study of, 
134 

— Nenmann*s view of red disc for- 
mation in, 132 

— no true capillaries in, 133 

— presence of lymphoid cells in, 182, 
140 

— proliferation of red nucleated cells 
m, 139 

— relation of leukhaBmia to, 133, 
154, 155 

— Bindfleisch*s view of red disc for- 
mation in, 142 

— special characteristics of, 195 
Buffy coat, relation of to colourless 

discs, 59 



CALCIUM chloride, use of to dry 
spread blood rapidly, 6, 10 
Cane-sugar, advanced lymph discs 
preserved by, 108 

— effects of different proportions of, 
93 

— formation of so-called luemato- 
blasts prevented by, 92-94 

— prevents fibrin formation, 94 

— use of in staining colourless dites, 
68-69 

Capillary arrangement for filtering 

blood, 127 
Capillarity, mode of using to get rid 

of surplus blood, 5 

— operation of on pliant or yielding 
bodies, 6 

Capsule, assumed action of, 27 
Carbonic acid, action on granule 
■ spheres of, ^ 
Caramel, use of to exhibit colourless 

discs, 11 
Carmino-gelatin, properties of, 31 
Cement matter, nature and source 

of, 80, 82 



Central white portions of young discs, 
aggregation of, 86 

Chaplets, so-called, formation of, 87 

Chemical skeleton or stroma, nature 
of, -28 

Circumstances which justify the con- 
clusion that one body is the 
** germ " of another, 96 

Coagulation, nature of, 36c 

— action of cold in arresting, 20 

— behaviour of the two constituents 
of fugitive discs in relation to, 85 

— changes of fugitive discs in, 86 

— how cold acts in preventing, 91 

— prevented by means of cane-sugar, 
94 

Coalescence of invisible or colourless 
discs, 7 

— lymph discs, 17 

Coercion of form not pressure in a 

body possessing easy liquid flow, 

46 
Cohesive attraction, action of on 

blood corpuscles, 6 
Cold, granulating action on young 

discs of, 22, 91 

— mode of subjecting blood discs to, 
for fixing with osmic acid, 9 

Cold and osmic acid, vapour action 
of on young blood discs, 8, 90 

Colloids, action of, and method of 
using, 50 

Coloured blood discs, action of ani- 
line brown on, 10 

Colouring principle of blood, probable 
source of, 129 

Colour standard for corpuscles, 
necessity of, 49 

Colourless or invisible blood discs 

— adhesion of before reaching bar- 
rier, 45 

— advanced Ijrmph discs become, 127 

— advanced l3rmph discs stain simi- 
larly to, 126 

— aggregation of into masses and 
sheets of partially coloured and, 
57, 86, 87 

— aniline blue, a stain for, 66-70 

— bone-marrow, one source of, 138 

— cause of invisibility of, 24 

— colour obtained by in the blood, 
129 

— comparison of lymph and splenic 
corpuscles with, 81 

— compression unnecessary to show, 
46, 52, 65 

— conjectures possible in relation to, 
13 
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Colourless or invisible blood discs 

— conversion of by annulation and 
extension into librin, 57 

— crucial test for, 60, 51 

— (late of discovery of, xxii. 

— decolourised red discs not the 
source of, 14, 52 

— defibrination of blood, relation of 
to, 58 

— delicate films formed by collapse 
and fusion of, 9 

— demonstration without reagents 
of, 43 

— development of lymph discs into, 
100-118 

— discovery of, how made, 1 

— embryo blood contains, 136 

— fibrin-forming power of, 36c 

— finger-like processes of, 59, 78 

— first corpuscles to adhere, the, 7 

— formation of emboli by fusion of, 
155 

— general histological and chemical 
properties of, 59 

— great instability of, 7 

— impact method of demonstrating, 
53 

— importance in pathology of, 37 

— liquidity of, 59, 78 

— liquor sanguinis free from hasmo- 
globiu displays, by packing, 50 

— lost lymph and splenic corpuscles, 
the, 40 

— methods of demonstrating the 
presence of, 1-13, 53 

— mica covers, use of to show, 53 

— mode of displaying by means of 
hasmoglobin, 11 

— mode of rendering visible, 5 

— melting down of, 7 

— modes of rendering visible in 
liquor sanguinis, 11 

— molecules and granules yielded 
by. 7 

— no reagents required in demon- 
strating, 2 

— numerical relation of to red discs, 
98, 173 

— not decolourised red discs, 13, 14, 
37,65 

— on the various origins of, 12, 15 

— possible conceptions regarding;, 13 

— post-mortem changes in red discs 
will not produce, 44 

— presence of in embryo bone-mar- 
row, 138 

— red discs not convertible by pres- 
sure into, 45 



Colourless or invisible blood discs 

— relation of to stains, 60 

— reply to objections concerning, 37 
- — relation of haBmoglobin in serum 

to, 53 

— shape of when in normal state, 8 

— size of, 13 

— slight affinity of for most dyes, 60 

— stages of visibility of, 41 

— superior persistence of, to red 
discs, 52 

— shown through mediation of red 
discs, 3 

— sub-layers of, 7 

— specific gravity of, 59 

— yield white fibrin, 85 
Condensation of moisture on slide, 

possible effects of, 9, xlii 
Concave depressions in red discs, 

cause of, 3 
Constituents of young blood discs, 

76.90 

— chemical differences of, 85 
^- physical behaviour of, 76-90 

— separation of, 23, 81, 82 
Contractility, physical basis of, 28 
Conversion of per centage estima- 
tions into groupal form, 180 

Convex cover-glasses, to choose, 3 
Cover-glasses, convex, use of, 3 

— how to select, 3, 44 

— hinged, object of, 6 

Corpuscles blood, all derived direct- 
ly or indirectly from lymphoid 
elements, 193 

— annulatin'g action in, 33, 34 

— bell-shaped form of red, 25 

— conversion of into rings and fibres 
by annulation, 33, 34 

— coercion of form of, customary in 
capillaries, 46 

— converse form of to rosette, 83 

— diapedesis of white, 6 

— diffused-edged, 56 

— enumeration of corpuscles, defects 
in, 171 

— growing glands, imperfection of 
corpuscles of, 129 

— Hewson's view of the solid char- 
acter of red, 27 

— how to spread, 10 

— Hunter's view of liquid nature of 
red, 27 

— liquefaction of invisible, 10 

— massing or aggregation of central 
white portions of young, 86 

— minute differences in tint of, in- 
dicated by photography, 49 
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Corpuscles blood, mode of packing 
flatways together, 2 

— necessity of colour-standard for, 
49 

— origin of the white, 120-124 

— origin of the colourless discs and 
red. 13, 125-131 

— phantom, 9 

— red, probable age of, 163, 176 

— refractive index of liquor san- 
guinis, same as that of some, 2 

— ring forms of, 34 

— transitions of lymph and splenic, 
100-109 

— young, undergoing disintegration 
into granule and rosette forms, 80 

Corpuscular percentages, to convert 

into numbers, 180 
Counting and analysis, comparison 

of, 171 
Cup-shaped and spherical form of 

Ijonph discs, 18 
Curvilinear indentations in red discs, 

cause of, 23, 53 

DATE of discovery of white cor- 
puscle, xxxvi. 

— discovery of colourless or invisible 
disc, xxii. 

— discovery of red disc, xxxvi. 

— first publication on, xxii. 
Decolourised red discs, fibrin not 

yielded by, 44 

— inaccuracy of assumptions respect- 
ing, xli. 

— invisible colourless discs, how 
distinguished from, 37-65 

— reasons against regarding the 
. invisible discs as, 13, 14, 37-65 
Defence of methods, 41-65 
Defibrination of blood, relation of 

to colourless discs, 58 
Development of mammalian blood, 
contrast of Hay em's and the 
author's views of, 97 

— description of two modes of, 124 

— diagram illustrating the two 
modes of, 226 

— existing state of knowledge of 
the, xxxix 

— Hayem's views respecting xxxix., 
71-75 

— Kolliker's views of, xxxvii., 
xxxviii 

— Malassez on, xl. 

— Neumann on, 132 

— reason of obscurity of, 40, 112 

— Kindfieisch on, 142 



Development of mammalian blood, 

— series of photographs illustrating, 
97 

— Virchow on, 102 

— Wharton Jones on, xxxvii 
Development of oviparous blood. 

Author's views of, 181-190 

— diagrams illustrating, 190-226 

— Hayem's views of, 186 

— Pouchet's view of, 189-190 

— series of photographs illustrating, 
188 

Diagrams, 6, 226 

Diffused-edged or green -lustrous cor- 
puscles, 80 

— incipient rosette forms of, 82 
Discovery of colourless disc, how 

made, 1 
Discovery of red disc, 36 
Discs, bone-marrow, 141 

— colourless or invisible blood, 1-13 

— intermediate blood, 8 

— lymph, 15-20, 100-118 

— red blood, 58 

— splenic, 15-20, 100-118 

— thyroid, 108-112 

— thymus, 112 
Dissolution of red discs, 14 

Dry air, effects of on spread blood 
10 

— method of staining, conditions of, 
10 

— osmic acid vapour, effects of, 8 
Drilled slides, use of, 5 

ELASTICITY involves extensi- 
bility and retractibility, 28 

— nature of, 28, 36 

— of blood discs, 26 

that of liquids, 29 

Elements of the blood (formed), 

enumeration of, 77 

Emboli, source of, 155 

Embryo bone-marrow, vide bone- 
marrow 

Emigration (so-called) of corpuscles 
causes of, 6 

Environment, dependence of struct- 
ure on, 36a 

— experiment showing influence of, 
36a 

Enumeration method, importance of 

perfecting, 176 
External relations, importance of, 

36a 
Extreme biconcave forms, 34 

— disc forms, 34 
Extensibility, nature of, 36a 
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FATS and oils, annulating action 
in, 35 
Ferment, 36d 

Fibrin, a morphological problem, 
36d, 67, 58, 61 

— formation, 14, 36c, 197-198 
behaviour of the two sub- 
stances of fugitive discs in 
respect to, 85 

chemical view of, 86c 

corpuscular character of, both 

in mammals and ovipara, 

XXXV. 

direct from colourless discs, 

57 
from corpuscles of primary 

and secondary groups, 57 
influence of morphological on 

chemical views of, 198 
largely prevented by osmio 

acid, 92 

microscopic aspect of, 36c, 36d 

physical view of, 36c 

prevented by cane-sugar, 94 

way in which cold prevents, 91 

— films, how formed, 7 
hardening of, 36d 

— fibres of seen between rolls are 
slightly coloured, 83 

— forming corpuscles, 58 

— granules of white corpuscles do 
not yield, 89 

— influence of saline solutions on, 
36d 

— influence of ice-cold temperature 
on, 20 

— masses, or emboli, formation of, 
155 

— radiating kinds of, 81-84 

— source of in blood, xxxv., 197, 198 

— source of in lymph, xxxv.. Ill, 65 

— stroma or factors, real nature of, 
xxxiv., 36d 

— variations of in anasmia, 158, 170 

— white kind of yielded by colour- 
less discs, 85 

— Fibrin-forming corpuscles of the 
blood, xxvi.-xxxv. 

— Bizzozero's claim to discovery of, 
xxvi.-xxxv., 231 

Fibrin or plasmine pools from fusion 
of colourless discs, 10 

Fibres, action of annulation in for- 
mation of, 34 

— transformation of globules into, 
30,31 

Fibrillation arrested by action of 
cold, 91 



Fibrillation in blood discs, 57 

— in lymph corpuscles, 15 

— in granules, 88 
Fibrin factors of blood, 63 
Fibrinogen, 36d 
Fibrinoplastin, 36d 

Filtration, to obtain pure liquor 

sanguinis by, 3 
Foetal blood, peculiarities of, 129 

— bone-marrow, vide bone-marrow 
Form of red discs, cause of, 25-36c 
Fragments of discs, mutable charac- 
ter of, 90 

— biconcave form of, 89, 90 
Framework of discs, assumed nature 

of, 27-30 
Fresh-blood, action of cold on, 91 

— definitions of, 90, 91 

— no granule-spheres, 21 

Frey on the existing state of know- 
ledge of blood development, xxxix 

Frog's blood, action of acetic acid on, 
21 

— mode of development of corpasolea 
in, 183-190 

Fugitive group of blood discs, xliii 

— all corpuscles of, capable of lender- 
going the same changes, 89 

— all granules of, are capable of 
extension into fibres, 88 

— become resolved in their entirety 
into fibrin, 85 

— behaviour of the white matter of , 84 

— best preserved by normal temper- 
ature, 91 

— both constituents of, form fibrin, 85 

— chemical dififerences between per- 
manent and, 12 

— chemical difference in two con- 
stituents shown by stains, 85 

— coalescence or fusion of, 57 

— coloured constituent placed ex- 
teriorly, 84 

— colourless discs of, give rise to 
colourless fibres, 88 

— contain all the elements known as 
fibrinogen, fibrinoplastin and fer- 
ment, xxxiv. 

— dual constitution of, 84 

— explanation of two constituents 
of, 84 

— formation of emboli by fusion of, 
155 

— fragmentary portions of, often bi- 
concave in form, 88 

— granule forms may arise from any 
corpuscles of, 87 

— granule and rosette forms of, 80 
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Fugitive group of blood discs 

— histological character of, xxxiv 

— iJlnstratioDS of granules of be- 
coming fibrin, 88 

— importance of isolation method in 
tracing changes in, 89 

— kind of most concerned in for- 
mation of radiating fibrin, 84 

— limits of, xxxiv., xliii., 57, 80, 81, 
210, Photo' 59 

— massing or aggregation of central 
globular portions of, 86 

— preservation of by rapid drying of 
blood, 11 

— preserved by cane-sugar in cer- 
tain proportions, 94 

— probable reason why the corpuscle 
is only coloured on exterior, 84 

— relation of to coagulation, xxxiv., 
71,95 

— results of fusion and laying down 
of, 11 

— retrograde changes in, 89 

— stronger dye required to stain 
primary corpuscles and white 
matter than the green coloured 
portion of, 85 

— transformations of, 57, 71, 77, 80, 

— two modes in which the con- 
stituents of separate, 86 

— two constituents of, not chemi- 
cally united, 84 

— white globular centre disappears 
as discs become fully coloured, 86 

— white interior hidden by coloured 
exterior of, 84 

— zonular degeneration in, 83 

— zooid and oekoid, relation to con- 
stituents of, 84 

Fugitive and penuanent films, 36a 
Function of mammal blood-glands, 

xliii., 151, 193 
Fusion plates, how formed, 88 



/ 1 ABLANDS of hsematoblasts so- 
VJ called), formation of, 87 
Gelatin-carmino, properties of, 31 
— Nelson's opaque, observations 

with, 31 
Gemmation - pseudo, in mammal 

bone - marrow, and oviparous 

blood corpuscles, xl 
Germs of red discs, haBmatoblasts 

(so-called), 71-90 
Globules aqueous, how to produce in 

aqueous liquids, 30 



Globules aqueous, how converted 
into fibres, 86 

— not the only physical liquid 
forms, 30 

Globulin, power of to combine with 
hasmatin to form globules, 31 

Granules, adhesion of, how effected, 
80 

— biconcave form of some, 33, 90 

— extension of into fibres, 88 

— from white corpuscles do not 
form fibrin, 89 

— from young discs, nature of, 59-60, 
79 82 

— lymph, 108, 110, 114 

— red discs break up into, 14 

— sources of, 7, 79 
Granule-discs, circlets, beaded rolls, 

wreaths, garlands and chaplets of 
Hayem originate from, 87 

— heaps, nature of, 20 

— masses, how formed, 23, 86 

— nature of, 87 

— source of haBmatoblasts (so-called), 
87 

Granule-spheres, action of carbonic 
and acetic acids on, 20 

— assumed transition, character of, 
21 

— description of, by Semmer, 21 

— disappearance of to form fibrin, 
21 

— fresh blood, horses', or human does 
not yield, 22 

— illusory nature of nucleus in, 23 

— interpretation of, 23 

— real nature of, 22, 57 

— results of keeping, 23 

— where found principally, 22 

— yellow and red kinds of, 20 

— yellow tint of apparent nucleus 
of, 20 

Granulation, 59, 60 

— action of cold in producing, 23 
blood discs, 57 

— of cement matter or exuded 
material of corpuscles and so- 
called haBmatoblasts, 81, 82 

Gray, description of splenic corpus- 
cles by, 19, 100 

Green, lustrous or diffused edged 
corpuscles, 56, 80, 81 

Groupal and percentage methods of 
estimation of corpuscles and 
haemoglobin, 180 

Groups, aggregation of blood discs 
into, 7 

— fugitive and permanent, 12 
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Groups, mosaic, how formed, 6 

Group figure (vide anasmia) 

Group and set, meaning of the 

terms, 162 
Grouped and isolated granules seen 

in blood, 79 
Guinea-pig, bone-marrow of {vide 

bone-marrow) 
Guinea-pig adult, doubtful coloured 

corpuscles in bone-marrow of, 143 
Gulliver, description of lymph 

corpuscles by, 19 

— contrast of lymph and white blood 
corpuscles by, 19 

— observation of primary Ijrmph 
disc in blood by, 40 

— views of on lymph products, 38, 
100, 101 

Gum acacia, action of with gelatin, 
and carmino-gelatin, 31 



H^MATOBLASTS (so-called 
mammal of Hayem) 

— accidental character of, 90 

— adhesiveness of exuding viscous 
matter of, 75 

— admits previous recognition by 
others, 71 

— angular, how formed, 83 

— author's identification of, 85 

— biconcave form of, how accounted 
for, 88, 89 

fallacy of conclusions drawn 

from, 89 

— bodies of very variable form and 
size, 79 

— cane-sugar best agent to prevent 
formation of, 92 

— cannot state the organs in which 
they arise, 71 

— cause of variable size and nature 
of, 82 

— cement matter, source and nature 
of in, 80 

— changes in corpuscles which even- 
tuate in, 79, 81 

— conclusions as to the source and 
nature of, 94, 95 

— conditions under which Hayem 
worked, 73 

— confused use of the term, xliii. 

— connection of Hayem's work on, 
with the author's, 71 

— coagulation preceded by formation 
of, 86-91 



HaBmatoblasts, contrast of the 
physical and chemical properties 
of fugitive discs with those of, 79 

— dates of papers respecting, 71 

— declines to deal with the origin of, 
71 

— decolourised forms of, 96 

— degeneration of young discs 
formed by, 60, 79, 97 

— designation given to corpuscles in 
process of change into, 80 

— designation of, illegitimate, 97 

— description of by Hayem, 73, 74 

— distorted centres of rosette cor- 
puscles and granules are the 
*' isolated angular colloid," 82 

— division of discs by fibres one 
means of production of, 83, 88 

— dual physical constitution of, 76 

— effects of reagents on, 74 
osmic acid on, 91 

spreading and disappearance 

of cement matter, 82 

— elements as visible as the red and 
white corpuscle, 72 

— fibrin formation by, 76 

— fails to trace the forms they 
assume during development, 72 

— formation of by division of discs, 88 

— formation of diminished by use of 
osmic acid, 92 

— fragments of fugitive discs give 
rise to the small biconcave forms 
of, 88 

— granule form of disc degeneration 
gives rise to circlets, beaded rolls, 
etc., of, 87 

— Hayem's definition of, 74 
measurements of, 75 

— identity of with modified forms 
of fugitive discs, 78 

— isolation best shows nature of, 80 

— lustrous centres of, reason of 
varying size of, 81 

— method of preventing formation 
of, 90, 92-93 

adopted by Hayem to observe, 

72 
of retaining form and colour 

of, 72 

— modified forms of blood discs, 76 

— not the germs of red discs, 79 

— other means of production of, 77, 
79 

— partially exhausted fugitive discs 
called, 85 

— photographs of the various bodies 
in the blood, described as, 212 
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HsBmatoblastB, prodncts of death, 
not forms of life, 79 

— production of isolated angular 
forms of, 82 

— proof that the fugitive discs are 
the source of, 89, 94 

— prevention of formation of, 90 
substances used for, 90 

— radiating fibrin arises from, 80, 82, 
83 

— reason delicate fibrin threads from 
are visible in liquor sanguinis, 83 

— regarded by Hayem as the germs 
of the red discs, 71 

— relation of apparent granule- 
groups to young corpuscles and 
79 

— relation of green, lustrous discs 
to, 80, 81 

— rosette and granular forms of, 83 

— source of, from corpuscles cut to 
pieces by threads of contracting 
fibrin, 83, 88 

— statement of the views of Hayem 
on, 71 

— white corpuscles have no relation 
to, 74 

peripheral matter of, barely 

visible in liquor sanguinis, 82 

— young discs have same constitu- 
tion as, 84 

HaBmatocytometer, 179 
Hasmatin, 31 

HsBmochromometer, use of, 180 
Hsdmoglobin, average amount per 
corpuscle of, 161 

— cause in anaemia of dispropor- 
tionate loss to corpuscles of, 156, 
167 

— how to prevent from the cor- 
puscles, solution of, 50 

— in serum, relation of to colourless 
disc, 53 

— in the corpuscles, mode of dis- 
tribution of, 161, 162, 163 

— life-term of corpuscles deter- 
mines amount of, 161 

— methods of estimating amount 
of, 180 

— percentages, conversion into in- 
crements, 180 

— power of colourless discs to grad- 
ually acquire, 161 

— probable relation of lymph and 
bone-marrow pigment to, 113, 
129, 141 

— relation of colloids to, 50 

— relation of fibrin to, 170 



HsBmoglobin, relation to various 
dyes of (vide aniline brown and 
blue) 

— relation of colouring matter in 
blood to, 54 

— saline solution, power of to 
dissolve, 42, 63 

— saturation of fresh blood with, 14 

— staining action on colourless disc 
of, 5 

Hayem admits observation of so- 
called hasmatoblasts by others, 71 

— birth, state of elements at, alone 
considered by, 72 

— contrast of the Author's views of 
development of the blood with 
those of, 95-99 

— dates of papers by, 71 

— description and definition of so- 
called hasmatoblasts by, 73, 74 

— methods adopted by, 72 

— origin of so-called germs not 
discussed by, 71 

— organs in which they arise not 
known by, 72 

— relation of author's work to that 
of, 71 

— so-called hsematoblasts or •• germs 
of red corpuscles " of, 71 

— so-called hasmatoblasts of, visible 
elements of the blood, 72 

— statement of the views of, 71 

— the exact anatomical constitution 
of blood after birth sought by, 72 

— transition forms not determined 
by, 71 

Hayem's hsematoblasts (so-called), 
vide hsematoblast 

— lymphoid elements, views of, 192 
Heat, effects of rapid drying of 

blood by, 10 
Hematology, views on the existing 

state of, xxxix 
Hertzmann's networks, 121 
Hermetically sealed tubes, use of to 

preserve and stain blood, 63 
Heslop on the claims of Bizzozero, 

241-246 
Hewson's views on the red corpuscles, 

27 

— discovery of the white corpuscle 
by, xxxvi 

— confusion of lymph discs and 
white corpuscles by, xlii 

— gland products, views of, 100 

— on the form of the red disc, xxxvi 
Hinged cover-glasses, 6 

Horse's blood, 20 
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Hunter's view of the red corpuscles, 

27 
Huxley on origin at red disc, 103 
— on existing state of knowledge of 

blood development, xxxix 



ICE-COLD temperature, effects of 
on blood, 20 

— preservation of lymph discs by, 
110 

Identification of colourless blood and 
advanced lymph discs, 125 

— of the corpuscle seen by Bizzozero, 
xxxiv 

— of the discs which take the aniline 
blue stain, 12 

Identical lymphoid elements, 112 
Immature white corpuscles, 39 
Impact effects, well seen by use of 
mica-cover, 53 

— as seen in thin layers of blood, 2 
Importance of staining, 12 
Incipient biconcavity of lymph discs, 

18 
Indentations curvilinear, cause of, 2 
India-rubber syringe, use of, 108 
Intermediate blood discs, 8 
Intermittent pressure, effects of on 

red discs, 52 
Invisible blood discs, vide colourless 

or invisible blood discs 
Isolation method, 5 

— colourless discs brought into view 
by, 5 

— defence of, 54 

— dependence of on adhesiveness of 
corpuscles, 5 

— first and second modes of, 5, 6 

— importance of, in tracing changes 
which occur in fugitive discs, 89 



JONES WHARTON, views of on 
development of the blood, xxxvii 



KOLTiTKEB, views of, on lymph 
products, 38 
— development of blood, xxxvi.- 
xxxviii 



LEUCOCYTES, 38 (vide white 
blood corpuscle) 
LeukhsBmia, advanced Ijrmph disc 
fails to be formed in, 153 

— cell formation not intermittent, 
but continuous in, 153 

— continuous excessive production 
of primary lymph corpuscles in, 
153 

— corpuscles pursue a cellular 
development in, 153 

— definition of, 154, 196 

— diminished stay of products in 
blood glands in, 153, 154 

— discovery of, by Bennett and 
Virchow, 150 

— essential fact of, 154 

— Major process of blood making 
fails in, 151 

— mere hyperplasia not competent 
to produce, 152 

— mode of detecting states of 
corpuscles in, 155 

— nature of change in blood glands 
in, 150 

— pathological conditions present 
in, 153, 154 

— pseudo-embolic form of, 155 

— red discs diminish pro rata 
with increase of white corpuscles 
in, 150 

— source of white corpuscles in, 
150 

— spleen and lymphatic glands 
enlarged in, 150 

— spleen and lymphatic glands 
produce white corpuscles in, 150 

— undeveloped free nuclei in, 155 

— various kinds of, 154 

— white corpuscles produced at 
expense of red disc in, 153 

Levelling-up action of liquor san- 
guinis and red discs, 52, 63 
Limpidity of colourless discs, 59, 78 
Liquefaction of colourless discs, 10 
Limits of fugitive discs, xxxiv., 

xliii., 57, 80, 81, 210, Photo. 55 
Liquid precipitation, 30 
Liquor sanguinis, behaviour of cor- 
puscles in absence of, 55, 56 

— corpuscles exist which have the 
same refractive index as, 1 

— effects of tinting, 11 

— how to prevent hsBmoglobin 
dissolving in, 50 

— influence of withdrawal of, 23 
partial removal of, 3 

— levelling-up action in, 52, 63 
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Liquor BanguiniB, methods of freeing 
oorpuaoleB from, 5 

— normal colour or tint of, 54 

— normal pale yellow tint of, 54 

— obsonring influence of, 89 

— photographic reactions of, 50 

— probable source of pigment in, 54 

— red discs once dried (Sssolve in, 50 

— relation of corpuscles to, 70 

— solubility of lymphoid pigment 
in, 113 

— staining of colourless discs, influ- 
ence of, 67 

— substancesemployedfortinting,ll 
liustrous corpuscles, 80, 81 
Lymphoid organs of ovipara, func- 
tions of, 194 

Lymphoid products {vide blood gland 
products) 

— bodies included under, 112 

— relation of primary forms of to 
photography, 113 

— source of all blood corpuscles, 193 
L}rmph shed, behaviour of, 113 
Lymph and splenic discs, action of 

aniline blue on, 109- 12H 

— advanced forms of, 127 

• — action of reagents on, 16 

— advanced forms of, relation to 
fibrin, 65 

— aggregation of, 16 

— an immature cell, 39 

— aniline blue, contractive action 
on primary and advanced forms 
of, 117 

— application of terms permanent 
and fugitive to, 105 

— biconcavity of, 18, 125 

— blood contains visible forms of 
advanced, 131 

— cane-sugar, preservative power 
on, 108 

— cause of difficulty in studying, 15, 
111, 126 

— cause of instability in, 116 

— chemical differences in, 108, 109, 
131 

— coalescence or fusion of, 16, 17 

— colour of liquor sanguinis in rela- 
tion to, 20 

— colour not suddenly obtained by, 
128 

— colourless blood discs, most ad- 
vanced forms of, 128 

— colourless blood discs, comparison 
of properties of with, 116, 130 

— colourless blood discs, allied by 
concavity to, 18 



Lymph and splenic discs, comparison 
of splenic discs and white blood 
corpuscles with, 19, 20, 100, 104 

— comparative measarements of 
white blood corpuscles with, 19 

— contradictory descriptions, reason 
of, 15 

— definition of primary form of, 115 

— definition of sbdvanced form of, 115 

— destination of the two kinds of 
in the blood, xxxiv 

— depressions on surface of, 18 

— detection in right auricle of, 128 

— demonstration of cellular charac- 
ter of primary, 118 

— detection of intermediate forms 
of, 108 

— difference in colour between 
primary and advanced, 107, 113 

— difference between hsBmoglobin 
and the pigment of, 107 

— dif&culties in the study of, 15, 111, 
126 

— distinction of, into primary and 
advanced, 105 

— effects of two per cent, solution 
of sodium chloride on, 18 

— effects of alteration of liquor 
lymphaB on, 16 

— effects of introducing into filtered 
liquor sanguinis advanced forms 
of, 127 

— effects of aniline blue on free 
nuclei of, 114 

— enlargement or extension of, 15 

— essential liquid character of, 16, 
17 

— extreme kinds of, 104 

— fibrillation of, 16 

— form of, 17 

— general conclusions respecting, 
111 

— graduated series in, 105 

— granules yielded by primary 
forms of, 114 

— granulation of cell- wall of primary, 
119 

— Gulliver's description of, 19 

— histological diversity in, 113, 114 

character of primary, 114 

of advanced, 114 

— important to examine quite fresh, 
15 

— incipient biconcavity of, 18 

— instability of the advanced forms 
of, 17, 108, 126 

— intermediate forms of, 110, 111 

— lamination, or spreading of, 15 
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L3rmph and splenic discs, mainly in- 
visible -when in the blood, xxxiv 

— major and minor rfile of, 40 

— measurements of, 15 

— modes of determining discoid 
form of, 17<, 18 

— nature of development in primary 
forms of, 115 

— nature of pigment in primary 
form of, 113, 115, 141 

— osmic acid, relation of to, 126 

— osmosis, effects of on primary, 
117, 118 

— pelliculation of, 86b, 36c 

— photographic differentiation of 
primary and advanced, 106 

— physical state of, 125 

— post mortem changes of, 15 

— protean forms of, 116 

— preservation of, 108, 110, 126 

— prevention of spreading action in 
advanced forms of, 107, 108 

— primary, size of, 106 

— relation of free granules to, 110, 114 

— relation of white blood corpuscle 
to, 19 

— relation to aniline blue of, 106, 
109, 114, 117, 126 

— results of development in, 105, 124 

— saline anihne blue, differentiating 
action on, 109 

— shape of, 17 

— size of, 15 

— solution of cell-wall of primary, 
118 

— source of fibrin from, 65, 111 

— specific gravity of, 17 

— spherical and cup-shaped forms 
of, 18 

— spontaneous increase in size of, 15 

— spreading and lamination of ad- 
vanced forms of, 16, 107 

— swelling and staining actions in 
advanced forms of, 15 

— two extreme forms or stages of, 
xxxiii., xxxiv., 105 

- transitions toward invisible blood 
discs of, 125-131 

— urine, influence of on primary 
form of, 123 

— various proportions in different 
glands of the two kinds of, 109 

— variations in size of, 125 

— varjring shades of colour of, 108 

degrees of liquidity of, 17 

relation to reagents, 17 

— white corpuscles, matured forms 
of primary, 120, 131 



MALPIGHI, connection of with 
discovery of red disc, xxxvi 
Major and minor modes of blood 
development in ovipara, 194, 195 
Major process of blood making 

(mammal), 124 
Malassez, enumeration of blood 
corpuscles by, 160 

— estimation of hsBmoglobin by, 160 

— on development of red discs by 
budding, xl 

— relation of corpuscles and hsBmo- 
globin in anasmia, 170, 176 

Mammalian and oviparous blood, 
analogies of, 96, 97 

Mandl, claim of to discovery of 
white corpuscle, 39 

Marrow of bones (red). See bone- 
marrow 

McKendrick on the existing know- 
ledge of blood development, xxxix 

McMunn on blood pigment, 54 

Measurements, means of making, 3, 
211, 230 

Mechanical arrangements for dis- 
playing invisible discs, 2 

— violence, effects of on red discs, 
47 

Mechanical modelling of blood cor- 
puscles, 25 

Membranes or pellicles, chemical 
nature of, 16, 36b 

Methods of demonstrating colourless 
discs, 1-13, 53 

— blowing and suction, 6 

— defence of, 41, 65 

— colloid, 50-54 

Mica-covers, use of to show colour- 
less or invisible discs, 53 

Micrometer scales, 3 

Micro-photography, advantages of in 
physiological and pathological 
illustration, xxii., 1 

— as a new method of research, 
value of, 1 

— structure invisible to the eye 
detected by, 1 

Minor process of blood making, 124, 

194 
Morphological elements of blood 

enumeration of, 77 
Mosaic groups of corpuscles, how 

formed, 6 

— rearrangement of, after falling 
down of invisible discs, 7 

Myelin, annulating power of, 32 

— artificial biconcave discs of, 31-35 

— artificial ring forms of, 35 
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Myelin, aunulatiug power of, 32 

— biconcave form probably due to, 
31-32 

— comparison of blood rings and 
rings of, 33-36o 

— presence of in lymph corpuscles, 
32 

blood discs 

Mussy, de Noel Geneau, observations 
on the researches of the author, 60 



NELSON'S opaque gelatine, obser- 
vations with, 31 
Neumann on the development of the 
blood, 132 

bone-marrow, xxxviii 

Newton's rings, barrier of, how to 
form, 3 

— degree of approximation of at 
filtering part, 3 

Normal form of invisible discs, 8 
Normal temperature, effects of on 
so-called haematoblasts, 80 

— best preserves young or fugitive 
discs, 96 

Nucleated appearance of oranule 

spheres, 23 
Nuclei of white corpuscle, probable 

destiny of, 124, 191 



OBJECTIONS to premature des- 
ignations, xliii 
Observation of blood in single layers, 

results of, 2 
Origin of colourless discs, 13, 40 
Origin of red discs, 14, 15 

white corpuscles, 120, 121, 

124 
Organs classified as " lymphoid," 

193 
Osier, white masses or sheets seen 

in blood by, 86 
Osmic acid, action of dry vapour of, 
8 

— colourless disc partially preserved 

by 

— decrease of so-called hasmato- 
blasts by, 91-92 

— effects of cold combined with 
vapour of, 8 

— form of red disc preserved by, 8 

— mode of using ice-cold temper- 
ature in conjunction with, 9 



Osmic acid, prevents fibrin-forma- 
tion, 92 

— red discs rendered insoluble in 
water by, 70 

— red discs contracted or condensed 

by 

— shallow pan for using vapour of, 8 
Osmosis, use of to display cell walls, 

117 
Ovipara, function of lymphoid organs 

of, 194 
coagulation in the blood of, 

XXXV 

permanent and fugitive cor- 
puscles of, XXXV 

Oviparous blood, analogue of in- 
visible disc of miammal in, xliii., 
183 

— analogue of nuclei of white 
corpuscles in, 186 

— apparent free nuclei in, 183 

— derivation of bodies which form 
red corpuscles in, 186 

— difference between M. Pouchet's 
view and the Author's of develop- 
ment in, 188 

— function of nucleolated nucleus of 
white corpuscles of, 187 

— hyaline-bordered nucleated cor- 
puscles, how to demonstrate in, 186 

— investigations of M. Pouchet on 
development of, 187 

— mode of growth of red corpuscles 
in. 186 

— nucleated elUptical cell of, 183 

— origin of colourless elliptical cells 
of, 183 

— origin of white corpuscles of, 188 

— pseudo-gemmation in embryo, xl 

— range of corpuscular development 
in, 188 

— red nucleated corpuscle, minor 
mode of development of, in, 185 

— so-called haematoblasts of Hayem 
in, 186 

— use of Table i. and Diagram ii., 
Plate XX. in explaining develop- 
ment of , 190,191,192 

Oviparous bone-marrow, colourless 
nucleated ellipsoids of, 183 

— comparison of mammal bone- 
marrow with, 184 

— difficulty of demonstrating colour- 
less ellipsoids of, 184 

— effects of stains on colourless 
elhpsoids of, 184 

— major process of blood production 
carried on in, 185 
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Oviparous bone-marrow, origin of 
nucleated ellipsoids of, 184 

Oviparous spleen, analogue in 
mammal spleen of opaque cor- 
puscle of, 185 

— colourless nucleated ellipsoids of, 
183, 184 

— difficulty of demonstrating colour- 
less ellipsoids of, 184 

— effects of stains, etc., on colourless 
ellipsoids of, 184, 185 

— fusion of nuclei of colourless 
ellipsoids of, 185 

— major process of blood production 
carried on in, 185 

— origin of colourless ellipsoids from 
opaque colourless corpuscles, 185 

— origin of nucleated eUipsoids of, 
184 



pACKING method, object of, 2, 

defence of, 44 

Felliculation of l3niiph and blood 

discs, 36b 
Perfecting of enumeration methods, 

importance of, 176 
Permanent and fugitive groups of 

blood discs, 12, 56, 242 
Pernicious ansBmia, 169, 171 
Phantom corpuscles, 9, 52 
Photo-chemical tests, delicacy of, 

48, 49, 58 
Photographs, micro, on glass, first 

exhibition of , xxiii 
Photographs of corpuscles near to 

the rings of Newton, 51, 52 
Photographs of granules, so-called 

hsBmatoblasts, 79 
Photography, advantages of over 

ordinary modes of illustration, 

xxiv 

— admits of a brgad and compre- 
hensive basis for generalisation, 
xxiv 

— as a method of research, use of, 1 

— detection of corpuscles invisible 
to the eye by, xxiii., 1 

— indicates minute differences in 
tint of corpuscles, 49 

— natural handmaid of microscopy, 
xxiv 

— relation of primary. Ijrmphoid 
elements to, 106, 113, 115 

— removes difficulties in the way of 
proper adjudication on micro- 
scopic papers, xxiv 



Pigment of lymph corpuscles, 107, 

113, 129, 141 

blood, probable source of, 54, 

196 
Pigment cells (vide blood pigment, 

probable source of) 
Pigmented protoplasm, 113, 196 
Pinion screw, advantages of, 5 
Plasmine corpuscular pools of, 10 

— insoluble in weak saline, 36d 

— liquid and diffusible only, 36c 
Precautions in adding reagents to 

blood, 12 
Precipitation in plasmine formation, 

apparent only, 36d 
Pressure, effects of on red discs, 46, 

52 

— unnecessary to show colourless 
discs, 47 

Premature naming of bodies, ob- 
jections to, xliii 

Primary lymph disc (vide lymph and 
splenic discs) 

action of staining fluid, 12 

Primary blood discs (vide colourless 
and invisible discs) 

Progressive cohesion (capiUairity), 
action of on bubbles and blood 
discs, 6 

Pseudo-leukhaemia (embolism), 155 

Pseudo-gemmation in oviparous 
embryo blood, xl 



RABBIT, bone-marrow of (vide 
bone-marrow) 
Badiating fibrin, 81-84 
Bapid drying of blood, effects of, 10 
Beal fibrin stroma, 10, 36d 
Bed discs, behaviour of in absence 
of liquor sanguinis, 55-56 

— broken fragments of may retain 
the biconcave form, 90 

— colourless discs not producible by 
press are of, 45 

— concave depressions in, cause of, 3 

— conditions indicating vertical 
compression of, 48 

— contracting action of osmio acid 
on, 92 

— discovery of, by Swammerdam, 
XXX vi 

— dissolution of, 14 

— division of into groups, 12, 56 

— effects of post-mortem changes on, 
44,55 

— extrusion of through vessel walls, 6 

— granules of, 14 
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Bed discs, hsematoblasts not germs 
of, 94 

— how affected by violence, 47 

— numerical relation of to colourless 
discs, 98, 173 

— influence of pressure on, 46, 47 

— levelling-up action between liquor 
sanguinis and, 52, 63 

— mode of aggregation of , 6, 7 

— observation of, by Leawenhoeck 
in human blood, xxxvi 

Bed nucleated corpuscles of mam- 
mal bone-marrow, aborted forms 
of, 144-195 

— so-called budding of, xl 
Befractive index, liquor sanguinis 

and colourless disc the same, 2 

alteration of, 4 

Betractile force, nature of, 28 

— influence of surrounding medium 
on, 36a 

Bindfleisch on cause of biconcavity, 

25 
Bings of Newton, object of, 3 

— photographs of corpuscles near 
the barrier formed by, 51, 52 

Bodents, bone-marrow of (vide bone- 
marrow) 

Bollett's views of stroma of cor- 
puscles, 27 

Bouleaux, formation of, 6 

Bosette discs and granules, 82, 83 

— corpuscles and fragments, photo- 
graphs and descriptions of, 83 

incipient fibrin formation 

from, 83 
supported among red discs, 

83 



SAFFBON, use of, to show colour- 
less discs 11 
Saline aniline blue, differentiating 

powers of, 109 
Schultze, on granular white masses 

in blood, 86 
Screw, use of, in isolation method, 5 
Shed lymph, behaviour of, 113 
Secondary group of blood discs, 56 
Semmer's corpuscles {pide granule- 
sphere 
Senac on white corpuscles, 39 
Soap film in turpentine, behaviour of, 

36a 
Sodium chloride, action of, in pre- 
venting coagulation, 242 
Solid fats, annulating power of, 35 



Specific gravity of Ijnnph and colour- 
less discs, 17, 59 
Spleen embryo, colourless nucleated 

cells, and advanced lymph discs 

of, 137 
Splenic discs {vide lymph and splenic 

discs) 
Spontaneous drying of spread blood, 

results of, 10 
Spreading action in advanced lymph, 

and colourless discs, 16, 7, 107 
Staining colourless discs, conditions 

essential to, 11, 68, 69 
Staining advanced lymph corpuscles, 

109-110 

— colourless discs, 11, 12, 60, 66-70 

— conditions necessary for, 11, 66-70 

— difficulties of, 66 

— fluid to prepare, 67 

— general principles of, 11 

— in tracing origin of colourless disc, 
importance of, 12, 13 

— intermediate discs, 66 

— mode of preparing specimens of, 
12 

— relation of red discs to 10, 66 

— wet and dry processes, 67, 70 

— with aniline brown, 10 
Standard of colour for corpuscles 

and liquor sanguinis, 49 

Stroma, incompetency of to explain 
form of red disc, 27-29 

Structure, dependence of on environ- 
ment, 36a 

Subclavian and splenic veins, 24 

Suction method, 6 

Sugar, cane use of, 68, 69, 92, 94, 

— 108, etc. 

Swanmierdam, discovery of red cor- 
puscles by, xxxvi 



TABLES B, G, D, E, explanation 
of, 180-182 
Table G, to find group-figure for any 

percentage number by, 181 
Tables G and D, relation of to Table 

A, 182 
Tension films, effects of modifying 

external surroundings of, 36a 
Tannic acid, action of, 34 
Tension surfaces 

— capillary effects of, 35 

— unnecessary to formation of 
annular and biconcave forms, 35 

Terms, colourless, invisible, trans- 
parent, not synonymous, 45 
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Tertiary group of blood discs, 56 
Thin layers, observation of, be- 
haviour of blood in, 2 
Thudicum on chemical frame-work 

or stroma, 28 
Thyroid gland, products of, 108, 112 
Thymus gland, products of, 112 
Time, influence of, on withdrawal 
of corpuscles by isolation method, 
5 
Tinting liquor sanguinis to show 

colourless discs, 11 
True nature of lymph and splenic 

corpuscles, 7, 100, 119 
Typical bone-marrow cells, 142 
Two modes of corpuscular develop- 
ment, both in mammals and 
ovipara, 186, 190 



UNIFORMITY of colour, absence 
of in blood discs, 8, 13, 78 
Uninuclear white corpuscles, 121 



VIOLENCE, effects of on red discs, 
47 
Viscidity, relation of to cold, 91 
Viscous liquid discs, tendency to 

equilibrium of, 36, 36a 
Viscosity, relation of form to, 33 
Virchow, description of lymph cor- 
puscles by, 102 

— leans to views of Hewson on 
origin of red disc, 102 

— origin of white corpuscle, views 
of, 102 



WATEB, action of on lymph discs, 
16 
Wharton Jones,views of, xxxvii 
White exudation or cement matter 
of Hayem, 89 



White masses in blood, origin of, 86, 

89 
White matter of intermediate discs, 

behaviour of, 84 
White corpuscle, destiny of, 120, 124 

— development of, 120, 124, 131 

— discovery of, by Hewson, xxxvi 

— effect of J per cent, saline on, 123 

— granules derived from, how to 
distinguish from those of the 
colourless discs, 89 

— lymph and splenic discs not 
identical with, 19 

— nuclei of, stains for, 120, 122 

— nucleus bursting of, 122 

— origin of, 120, 121, 124 

— pellicle or capsule of, 123 

— protoplasm, varying states of, 122 

— relation to Ijrmph and splenic 
discs of, 19 

— similarity of behaviour of primary 
lymph cell and uninuclear and 
multinuolear, 122 

— simulation of, by modified lymph 
corpuscles, 123 

— so-called inttacellular network of, 
121 

— transition or developmental stages 
of, 120 

— varieties of, 120 

— white fibrin, source of, 85 
Wreaths of hsBmatoblasts (so-called) 

87 



YOUNG blood discs {vide fugitive 
group of discs) 
Young, discovery of biconcavity of 
red discs by, xxxvi 



ZOOID and cekoid, analogy of to 
the constituents of young mam- 
mal discs, 84 



IN COUKSE OF PKEPARATION, 

A farther research on the Coagulation of the Blood, in which 
the microscopical and chemical aspects of the question are fully 
discussed, and the existing physical and chemical facts and 
phenomena shown to be in harmony witli morphological 
views of fibrin formation. 
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